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ABSTRACT 


The monovalent carbon species carbethoxymethyne (:C-CO, Et) 


2 


has been generated by the photolysis of diethyl mercurybisdiazoacetate, 


ora 


Hg + hy ——~2:C-CO,Et + 2N, + Hg 


2 2 
N,C-CO,Et 


and its reactions have been investigated in solutions of cyclohexene, 
ets- and trans-butene-2, pyrrole, benzene, and hexafluorobenzene. 
Ground state doublet carbyne formed in the photolysis was found to 
insertively attack C-H bonds and to add stereospecificaily to the 
olefinic double bonds yielding an alkyl and a cyclopropyl radical, 
respectively. 

The intermediacy of the cyclopropyl radicals in the 
addition reactions leads to characteristic products and their yields 
demonstrated the extent of carbyne intervention. Thus hydrogen 
abstraction of the intermediate radical in cyclohexene and cis- 
butene-2 gave increased yields of the less stable isomers ethyl endo- 
norcarane-/~carboxylate (a) and ethyl c?vs-2,3-dimethylcyclopropane- 
ets-carboxylate (b) while reactions with the solvent yielded ethyl 
norcarane-7-cyclohexyl-7-carboxylate (c), ethyl norcarane-/7-(3'- 
cyclohexenyl)-7~carboxylate (d), ethyl butyl-cis-2,3-dimethylcyclo- 
propane carboxylate (e), and ethyl butenyl-cts-2, 3-dimethylcyclopro- 


pane carboxylate (f): 
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CO,Et CO,Et 
. y 
(a) (c) (e) 
CO, Et 


(b) (d) (£) 


Addition of carbethoxymethyne (:C-CO,Et) to pyrrole and benzene 
resulted in ring expansion to give ethyl pyridine-3-carboxylate (g) 


and ethyl cycloheptatriene-carboxylate dimer (h): 


CO,Et 





CO,Et 


() (h) CO,Et 


Longer wavelength photolysis of the source compound leads 


only to N, loss in a stepwise fashion and the formatica of singlet 


2 
state mercury carbene which is capable of insertion and stereospecific 
additions as evidenced by the formation of stable mercury adducts. 
Cleavage of the C-Hg linkage of the source compound resulted in the 


formation of ethyl diazoacetate which was observed and monitored 


during the photolysis by infrared spectroscopy. The reactions of 
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carbethoxymethyne (:C-CO,Et) ware compared to those of the corresponding 
carbethoxymethylene in each solvent system. 

The effect of photonic energy of irradiation on the product 
distribution and the relative importance of the primary modes of 
decomposition were examined and the complexity in the overall 


mechanism discussed. 
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CHAPTER 1 


INTRODUCTION 


1.1 Subject, Definitions and Nomenclature 


Ever since the concept of the tetravalency of carbon was 
formulated more than a century ago, the non-tetravalent carbon 
species have played an extraordinary role in organic chemistry. One 
such species is monovalent carbon, the subject of this study. 

A carbon species which has only one covalent bond to an 
adjacent group or, more precisely, only one substituent bonded by a 
covalent bond is defined here as a "monovalent carbon."" There are 
also three non-bonding orbitals which contain three electrons among 
them and two additional valence electrons which are shared in the 
one covalent bond. The definition is consistent with the well 
established terminology for other non-tetravalent carbon transients 
such as divalent and trivalent carbon which are linked to two and 
three adjacent groups respectively by covalent bonds. Thus, mono- 
valent carbon is a member of the homologous series of simple non- 
tetravalent carbon intermediates which are summarized in Table I. 
Monovalent carbon is named "carbyne" by analogy with the well 
accepted "carbene" nomenclature. The suffixes -ylidyne and -ylidene 
respectively have been approved by the International Union of Pure 
and Applied Chemistry (IUPAC; B 5.11 and B 5.12) Organic Nomenclature 


Committee but the "carbyne™ nomenclature will be used here because it 
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is in most cases preferred for its simplicity, clearness, and 


consistency with the "carbene" nomenclature in use today. 


TABLE I 


Simple Non-tetravalent Carbon Intermediates 





eee 





No. of valence No. of unshared 


Species Valency electrons electrons 
I re ee ee 
Carbanion >C: trivalent 8 2 
Radical >C. trivalent 7 1 
Carbonium Te trivalent 6 0 
Carbene >C: divalent 6 2 
Carbyne mee monovalent 3 3 

Atomic carbon :C zero valent 4 4 





dae History and Review 


The chemistry of carbon atoms as well as di- and tri- 
valent intermediates has been thoroughly explored. The extent and 
significance of research involving di- and trivalent species is 
reflected in the enormous amount of literature and hence needs no 
further comment. Atomic carbon chemistry has also developed to an 
extensive and rapidly expanding field. Especially in the last two 
decades, many publications have appeared describing production methods 
and chemical reactions of atomic carbon. Its presence has been 


detected and its intervention postulated in numerous energetic 





. ; : 5 Rak : : 
reactions including nuclear transformation , pulse ettolvsie™ 
3 : ; ¢ 4 Ae 

carbon arcs , explosion of graphite filament , shock heating , plasma 

<p gel ; : 7 . 6 | 9 
decomposition , microwave discharge , photolysis , flash photolysis 

; feta 8, 
and chemical reaction . 

Surveying the chemistry of carbon intermediates, one immediately 

realizes that monovalent carbon has been neglected. Indeed little 
is known on the formation, physical characterization properties and 
chemical reactivities of these species as it will be evident from 


the brief review presented in the subsequent paragraphs. 


Occurrence, Spectra, and Reactions of Methyne. Astrophysical 


studies have, at the beginning of this century, suggested and confirmed 
the existence of CH, methyne, which is the simplest carbyne transient. 
Its prominent bands have been detected in the spectra of stellar 
atmospheres including the sun and interstellar Banner ee at There 
exists, also, a group of peculiar carbon stars which are characterized 
by unusually strong CH bands (A: 4300A, 39004) and comparatively 

weak C, haaiaees Methyne has also been observed and studied utilizing 
one of the oldest methods of obtaining spectra of free radicals, by 
producing it in high temperature flames. In the flame of the ordinary 


Bunsen burner CH amongst other diatomic free radicals has been 


detected by emission spectroscopy. Other more sophisticated methods 

to produce methyne include atomic flame, electric discharge and the 
decomposition of stable parent compounds by irradiation with ultraviolet 
light. The analysis of the emission spectrum of CH in the visible and 


near ultraviolet regions was mostly accomplished by the early work of 


ye Li 4 : 7 7 
as ‘ Lar BBD iS 





fithea krdeaers? Fortrat?, mati ticen and Horn’. While 
Kratzer (1924) and Mulliken (1927) studied in detail the first two 
known bands (i: 43004, 3900A) in the spectrum of CH, Hori (1929) 
provided the theoretical interpretation of the third band (A: 3143A) 
which was originally observed by Fortrat. All three band systems 
terminate in the 27 ground state of the molecule. The upper states 
of the three systems are A a B ar and C one In further work 
ce succeeded in observing the species CD. Guided noted the 
breaking off of the rotational structure with predissociation of the 
B a state of CH and CD from which Gero determined reliable 


; scat: pale, 20 
dissociation energies ' 


It was not until 1952 that Norrish, Porter 
and Thrush-+ observed the first absorption spectrum of CH in the 
laboratory. They photographed the three systems A-X, B-X and C-X 

in the combustion of acetylene initiated by the flash photolysis of 
NO... Subsequently, several groups applied greatly improved methods 

to produce much stronger spectra for quantitative measurement, such 

as the flash photolysis of diacetylene by Callomon and Ramsay" and 
the flash photolysis of diazomethane by Herzberg”? et°al. An 

improved value for the dissociation energy of CH (and CD) was obtained 
and a number of electronic transitions (Figure 1) were found in the 
vacuum ultraviolet, including a Rydberg series starting at 1370A 
which supplied an ionization potential of 10.64 eV. Ina recently 
(1970) published book dealing with the spectra and structure of 

simple free radicals, Herzberg” * has described the Rydberg states of 


° 
CH (Table II) and the fine structure of the CH band at 3630A, from 


which an energy level diagram of the known electronic states (Figure 2) 
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FIGURE 1: Potential Curves of Known Electronic States of CH 
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TABLE II 


Rydberg States of CH 








Electron Configuration States 
18072807 2po0" 2pm X 27 
18072807 2p0~3s0 ae 
1s072s0°2po02p1380 E an aT ui 
1so*280°2p073p0 F or 
Scere 3pT a 
1s072s072p02p13p0 niga ag 
ere ,iaoageSpn a A Sa aed anes 
1s0728072p0~3do ai as 

Je sinie's ae a vo % 3dtt G a 

Bee hie tiated Tels 2n 

lso 2s0 2po0 nso aa 

eeses eeceee MPO a 

<a a> pean npT 

en ee .ndo oo 

x) stats Snes wus ole, nat 21 

ee nee ndé 2A 
1s072s0*2p0~ptnso a aie 47 


The states designated by italic letters 
added to the Greek symbol have been observed 
[Herzberg and Johns (ref. 23)]. In addition 
some of the states with n = 4, 5, 6 have been 
found. 
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FIGURE 2: Energy-level Diagram of the Observed 


Electronic States of CH Free Radicals 





N00 


and molecular constants of CH in its various electronic states (Table 
III) could be derived. Although the presence of methyne in numerous 
energetic reactions has been unambiguously documented by spectroscopic 
means, only very few studies of its reactions have been made to date. 
Initially, this intermediate was vaguely alluded to, and postulated 
to be a possible alternative transient in the reactions of "hot" 
‘ 25-28 an : 

carbon atoms with saturated hydrocarbons so WOLTt considers 

; : raul 
two possible modes of formation of methylene--~C from the encounter 
of recoil carbon atom-1l with hydrocarbon substrates, involving 
either H-atom abstraction upon the first reactive encounter (1) or 


bond formation by insertion into the carbon-hydrogen bond and subsequent 


decomposition (2) of the energized radical: 


11 sli re 
(1) [C]* + H-CH,CH,CH, + [°° C---H---CH,CH,CH,] 
11 4 
[CH] * + “CH,CH,CH, 
2) (t+c}* + n-cucu.cH, > (H-?c-cu.cH.cH ]* 
( Die aS rae ats 
Li 
+ [CH] s+ <CH,CH, cH, 


In principle, methyne could react to form many of the products which 
are observed in free carbon atom chemistry. In the formation of the 
two predominant products, acetylene and ethylene, methyne has been 

; 28-30 ; : 
suggested as a possible precursor - One can visualize that 
ethylene-/+¢ is primarily formed from an intermediate arising from 


insertion of log into primary carbon-hydrogen bonds followed by C-C 


bond rupture: 
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TABLE III 


Molecular Constants of CH in its Various Electronic States 


SSMS 





State 


0 0 0 

PR nee ee One Ne ag ee 
na 82788 
6d 82726 
na 81545 
5d 81271 
na 81006 
4d 78660 
4p 75550 
ad(-%, “i, 7K) "72960 
dao 64531.5 12.17 1.221 
BT 64211.7 12.6 ge 
D*n, 58981.0 13.7 Tele 
opens B1778.1 2612.5 14.2806 

ai 25698.2 1794.9 12.645 
fad EY ly (eee h Je kT Claes ep 
x 7n 0 2732.50 14.190 


_  —_——_- Orr 


The states marked'na' are not assigned. 





10 


ime ll: s ‘ 
(3) CH + R-CH, > R-CH,- CH, ae Ro of CH, = € ae 


Insertion into secondary carbon-hydrogen bond cannot lead to ethylene 
without hydrogen migration and scission of two carbon-carbon bonds 
and may therefore be discounted. Acetylene is presumably formed in 

a solvent cage by direct insertion of Ide and subsequent decomposition 
of the reaction complex because the yields of this product are 
unaffected by the addition of scavengers such as dodinered In con- 
trast, the ethylene and ethane yields decrease upon addition of 
iodine indicating that the immediate precursors were radicals 
presumably CH, which escaped the solvent cage. Furthermore, labeling 
experiments have also ruled out the possibility that toy may con-. 
tribute significantly towards acetylene formation. 

The formation of peony lene= ico has also been rationalized in 
terms of oH insertion. Only ethane and those hydrocarbons which 
contain an ethyl group give substantial yields of brépyldnest ot 
The formation of Sete Ieee from ethane occurs by toy insertion 


with only a single carbon-hydrogen bond being broken instead of a 


carbon-carbon bond: 


CH, ]* gael me = CH-CH, + H® 


ae 
(4) CH + CH CH, + [H 2 3 


11 
3c, eet 


2 2 


The complex is believed to be sufficiently energetic to meet addi- 
tional energy requirements for such a rupture. There has been no 
lack of variety in the choices of gaseous and liquid hydrocarbons 


used as targets for interaction with recoil carbon. Trends in product 
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distribution especially yields of [C,H ae CoHe] and [C,H + CoHeI/ 


[C,H “ CoH, 5 CoH] have been related to degree of saturation, 


hydrogen availability at the insertion site, and Drancnine,. Still, 


flee 4 ir 905, 1c was 


to this point in time, as reviewed by Wolfgang 
difficult to assess the extent of methyne intervention and to dis- 
tinguish among the reactions of C, CH and CH, intermediates. 

More convincing evidence for the apparent production of 
methyne in the reactions of free carbon atoms was presented in 1966 


1, 33234. 


by Wolfgang et a When translationally excited (hot) Ly 


was produced in mixtures of H, and C,H, one of the products, pentene- 


2 2°4 
: . ; : uN Ceara eb 
1, could not easily be explained by the intermediacy of C. CH. or 
Woy . Methyne formed from carbon and hydrogen appeared to be, 


3 


; 11 ‘ ; 
however, a reasonable precursor. Insertion of CH into the 7 or 


(5) ae +H > Loy +H 


C-H bond, by analogy with carbenes, yield the allyl radical which 


11 % 
(6) CH + CoH, “8 CH, = CH-CH,, 


subsequently adds to ethylene. Pentene-1l is then formed by 


H-abstraction: 


. + HR 
= a ——— = 
(7) CH, CH CH, + CAH, Tere CH, CH(CH, ) ,CH, 


pentene-1l 
A combination reaction with a free ethyl radical will also lead to 
pentene-1: 


(8) CH, = CH-CH, i Gs +4 cH, = CH(CH,) CH, 


rai | 


e 
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Both mechanisms are probably operative. The amount of CH formed 

was then estimated through yields of pentene-1. It was further 

noted that an increase in hydrogen pressure of the system gave 
increased yield of pentene-1 and therefore increased production of CH. 
In addition to free carbon atom chemistry, there are also a few 
recent studies of methyne formation and reactions in highly energetic 
reactions such as (a) atomic flames, (b) shock waves, (c) flash- 
photolysis, and (d) pulse radiolysis. 


(a) The occurrence and mechanism of methyne formation in 


(9) Ce Un CH “FCO 


atomic flames advanced by Gaydon" is generally accepted. The first 
study of reactions of methyne in flames was reported by Safrany 

et ees in 1964. They observed production of HCN when NH was added 
upstream from a CoE, - 05 reaction flame, suggesting the following 


reaction: 


(10) CH + NH, > HCN + Hy +H + 51 kcal 


7 -1 


An estimated upper limit of k = 6 x 10° 1 mo1~1 sec ~ was recorded 

for the reaction which is the first reported rate constant for methyne. 
Calcote et ore have postulated methyne in low pressure high tempera- 
ture flames using a mass spectrometer and Langmuir probe techniques 

for identification. The CH transient is involved in a proposed mech- 


; a ; 
anism for the formation of an important primary ion, C,H, » which is 


dominant in most hydrocarbon combustion fronts: 


12 
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* 
(11) CH* + CoH, > CH, + e 


In addition to chemi-ionization, Fontiju et se observed chemi- 


luminescence in a study of the O + CoH, reaction in a Wood-Bonhoeffer 
system. Experiments which allowed identification and measurement 

of individual ions as well as measurements of relative chemiluminescence 
intensity, suggest the intervention of ground and excited states 


in the chemi-ionization mechanism: 
+ 
(12) CH+0O > CHO +e 


The addition of free radical scavengers NO or 0, decreased the total 
ion concentration and light emission, indicating that free radicals 
initially produced in the reaction O + CoH, are precursors of the 
ionizing and light emitting species. 

(b) Glass et gfe? have found that the high temperature 
oxidation of acetylene in shock tubes proceeds by fast chain branching 


reactions involving methyne. The suggested step for the production 


of electronically excited CH: 


(13) CH +0 + CH* (AA) + CO 


is novel and not consistent with the earlier Gaydon mechanism, (9). 
The discrepancy is attributed to the difference in the experimental 
conditions of the two experiments. 

(c) Flash-photolysis in the vacuum ultraviolet of methane 
and mixtures of CH, -CD,, was undertaken in 1966 by Braun et bis 


Complete product analysis including isotopic distribution of 


hydrogen, ethane and the major hydrocarbon product, ethylene, led to 
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the conclusion that CH plays a major role in the photolysis. The 


origin of methyne was explained by two possible mechanisms both 
involving CH, formed in the primary act. It could be formed by the 


secondary photolysis of CH. 


(14) CH, ei ere Cede 


or by unimolecular decomposition of vibrationally excited CH,. The 
identification of methyne could be substantiated by the known transi- 
tions of CH in absorption, i.e. C oe ae aT and A 2A — X “sie 

In a subsequent paper ees reported absolute rate constants for the 
reactions of CH, utilizing flash photolysis in the ultraviolet and 
kinetic spectroscopy: this is the first intensive kinetic study of 
the monovalent carbon species, CH, on record. The decay curve for 


methyne exhibited first order reaction. The mechanism for CH 


disappearance was believed to involve two possible reactions: 


(15) CHEECH ©>?orH AH = -230.6 kcal 


nee 


(16) SS De 2 OE es oa ed © CR ag | AH = - 60.0 kcal 


4 24 


The addition of hydrogen and nitrogen to methyne were also studied: 


Oe CH + H, 7 CH, AH = -109.2 kcal 


(18) CH + N, + Products. 


(d) Additional rate constants were published in 1971 by 
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Bosnali and ere: who reacted cH(2I1) with methane and several 

other compounds. The cH(AT) radical was produced by pulse radiolysis 
and re-examined by kinetic absorption spectroscopy. The rate constants 
for the reaction of methyne with various compounds reported by Braun, 


Safrany, Bosnali and Perner (Table IV) show considerable deviations. 


Formation and Reactions of Halomethynes. Besides the 
simplest monovalent carbon species, methyne, there are a few recent 
studies with halogen and nitrile mono-substituted carbon species. 
The spectra and transitions of these diatomic radicals, CF, CCl, CBr, 
and CCN, have been studied and assigned, but are not as detailed 
and comprehensive as those for methyne. The emission spectra 
for the diatomic radicals CF and CCl have been known over 20 
years, and details of their earlier studies and spectral assignments 
were summarized by Pearse and Gaydon (i965). A more detailed 
study of the emission spectrum of CF which consists of two major 


frcund B.-L). Sean Theelo75 Eoe2065A 


. band systems A “5 seat,’ 
region was given by Porter et eae Analysis of the rotational 
structure of 18 bands, dissociation energies and a graph showing 
potential energy curves were also given. 

Simons and verioed? ae (1961-1962) have observed the 
formation of carbon monohalides CF, CCl, CBr during flash photolysis 
of molecules containing halogeno-methyl groups. ‘They proposed a 


mechanism for the formation of CF, CCl, and CBr via decomposition 


of energized halogen-methyl radicals 


(19) CHX,Br +hv > CHX,,* + Br 
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TABLE IV 


Rate Constants for the Reaction of CH with 


Different Substances (298 + 3°K) 
NSSSSSSSSSSnm9aaaa9sSsSsNaaNaSSS 





Substance Klin, n6 Lt dees. Reference 
10 
cH, (2.01 + 0.05) x 10, 40 
elke “Hei H 39 
BH (fevaeoe een 40 
10 
n-C, Hy CER 40 
CH, CPR yeahs 40 
ce Cee RAE PE i 40 
H,0 (20784-0294) eee 40 
NH, (50 ye Ga) ae 10-° 40 
6 x 10 36 
N, (6 Aladh 3ahodek 105 40 
4.3 £10 39 
10 
HL, (1.05 + 0.12) x 10, 39 
6.2 calc 39 
0, pt tema Kwon 40 
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co Zag x 10 40 
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(20) CHX,,* + OSr in 
(21) CHX, * Foe Ci, 
where X = halogen and M = N,, BO SFr. The mechanism was deduced 


from the observed variation of product yields with photon energy input, 
flash intersity, and total pressure under isothermal conditions. New 
absorption systems of CCl and CBr radicals following flash-photolysis 
of organic halides were assigned and advanced by Dixon and Kroto*° 


48,49 
were 


in 1963 and recently by Termanitns Jacox and Milligan 
able to study infrared and ultraviolet spectra of CF and. CGl1 
isolated in argon and nitrogen matrices, and Carrington and Howard 
the gas phase electron resonance Spectrum and dipole moment of CF. 
The absorption spectrum of the free radical CCN was discovered by 
Merer and Preavie? in the flash photolysis of diazoacetonitrile. 
Three electronic transitions were assigned for band systems 
between 3500A and 4700A. 

The only reported reaction of monovalent carbon halides 


ie NS Ye 


is that of chloromethyne, CCl, by Tyerman in 1969. “Similarly 


“NH of methyne itself in the 


to earlier studies by Braun et al. 
vacuum ultraviolet flash photolysis of methane, Tyerman utilized 
kinetic spectroscopy to monitor the rate of removal of CCl when 
reagents were added to flashed mixtures containing halogenated 

hydrocarbons. Rate constants for the reaction of CCl and cBr?* 


radicals with olefins, alkynes, chloroalkanes, hydrogen, and 


oxygen were determined (Table V). 
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TABLE V 


Rate Constants for the Reaction of CCl and CBr with 


with Substrate (298 + 3°K) 





Kes sokiiidtresx ae: x Loree 
Compound RL See ee 
hydrogen Os3rady Osl <0.03 
nitrogen <0.015 <0.004 
oxygen 25 cad 13) 20,5 
methane - <0.03 
propane ae ee ed - 
i-butane - <0.03 
cyclohexane EM oe 1 8 Re _ 
chloroform fae OA cas 
ethylene 2. Boe a sk Bee 
propene the ge a RE _ 
iso-butene 155 ates Be = 
butene-l - 86 eat G 
t-butene-2 Jee es BAY OWE ne Ss 
vinyl fluoride - ee pestis Oba | 
acetylene Lele Us. <0.5 
propyne 24 Se De = 


* Reference 53. 


** Reference 54. 
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The fact that saturated hydrocarbons react with CCl and 
CBr considerably slower than do olefins was interpreted to mean 
that attack of the electrophilic monovalent carbon species on the 
™-bond system of olefins is preferred over insertion and abstraction 
reactions. A good correlation of ionization potentials and rates of 
reactions (Figure 3) with olefins is also an indication of T-system 
involvement which may lower the energy of the transition complex with 
increasing electron density. The mechanism of reaction with olefins 
has been suggested to be symmetrical addition of the radical to the 
double bond, forming a cyclopropyl radical which would carry 
sufficient excess energy to rearrange to an alkyl radical and react 


further: \ 





a= 
Ue Oe 
\ / ne aa yea 
(22) C6i + C=C — ate —~- C=C—C 
/ oN l NS 
CL CL 


However, it must be conceded that it is impossible to suggest an 
actual reaction mechanism from the reported rate constants alone. 

No further detailed kinetic mechanistic studies have been reported 
to date on the family of monovalent carbon intermediates. The 
difficulty in generating transients under conditions amenable for 
fachaods tle interpretation is still the major problem in the study 
of carbynes and the likely major reason for the scarcity of informa- 
tion on these carbon intermediates. Hitherto, nobody has recognized 
the possibilities of mercury-diazo compounds as useful sources of 
carbynes. In 1967 a program for the systematic study of monovalent 


carbon intermediates was started in this laboratory utilizing the 
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photochemical decomposition of diethyl mercury bisdiazoacetate, DMDA. 


Carbethoxymethyne was suggested as the reactive intermediate in the 


photochemical decomposition of pHDASe a 
EtO-C-CN 
a 
II | O 
(23a) 2 erage 2H, + Hg + 2:C-C-OEt 
O 
1 | 
Et0-C-CN,, 


Indeed, photolysis of DMDA in fluorolube glass at -196°C generated a 
single symmetrical e.s.r. signal with no hyperfine structure at 


g = 2.000 indicating the presence of a doublet ground state species 


containing no protons adjacent to the radical site. 


1.3, Theoretical. Aspects 


Carbynes have five valence electrons and thus methyne 
itself is isoelectronic with the nitrogen atom. The ground electron 


. ; P P Baw 
configuration is characterized by the distribution: lo 20 


oes os 

Two of the three non-bonding p-orbitals are degenerate and depending 
on the splitting of the orbital energy levels as compared to the 
electron repulsion energies, the ground electronic state may either 
be a doublet or a quartet. In fact the ground state of all the four 
carbynes CH, CF, CCl and CBr, whose u.v. spectra are known is a 
doublet JI state and the excitation energy of the lowest excited 
quartet state of methyne has been estimated to lie 28 kcal/mole above 


the x77 ground wera To date the quartet states of carbynes have 


not been observed experimentally. Substituents could alter the 
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orbital energy levels and invert the energy of the xT ground state 
and the lowest quartet state, a ey In the case of the carbenes, 
methylene has a triplet ground state, but introduction of a single 
halogen atom, carboalkoxy or aryl group lowers sufficiently the 
energy of the first excited orbital to bring the singlet state energy 
below the orbitally excited triplet. These relations for carbenes 
are expressed by Hoffmann's empirical rule that when the optimum 
te configuration has an EHMO energy less than 1.5 eV below the Op 
configuration at the same >C: angle then the ground state is likely 
fo. pe the triplet.’ The computed EHMO energy difference for methyne 
is somewhat above 1.5 eV and since the ground state is known to be 
a doublet it seems that Hoffmann's rule is also applicable to 
carbynes. On this basis the ground state of the carbethoxymethyne 
which is the main concern of the present study, should have a 2 
ground state and the lowest excited quartet state should lie at 328 
kcal/mole. 

Chemical Behavior. Doublet and quartet carbynes are para- 
magnetic, featuring one and three unpaired electrons and may in some 
respects be compared with a radical and tri-radical respectively. 
However, the fact that 3 electrons occupy orbitals on the same 
carbon atom may give rise to some peculiarities with respect to 
chemical behaviour. Thus, the doublet carbyne possesses an unpaired 
electron like a radical and at the same time a non-bonding pair of 
electrons comparable to a singlet carbene or carbanion. Furthermore, 


carbynes are electron deficient, and as such exhibit electrophilic 
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character as do most known carbenes. However, the electrophilic 
nature as well as the stability of the carbyne radical is greatly 
influenced by the electron-withdrawing ability of the adjacent group. 
To establish the main chemical characteristics including stereo- 
chemical behaviour and to correlate chemistry with structural para- 
meters using the rules of spin multiplicity and orbital symmetry 
conservation is the immediate task of carbyne chemistry. Comparison 
with carbene and atomic carbon chemistry may be of assistance. The 
principal reactions observed in singlet carbene chemistry are concerted 
insertion into the C-H or C-X bonds of paraffins, olefins and 
haloalkanes (C-F bond excepted) and single step stereospecific cyclo- 


Slog yah, 


addition to olefins, acetylenes and aromatics These processes 


are facile because they conserve the spin and orbital angular 


6 
momenta 0,61. It has been indicated on the basis of EHMO calculations 


and molecular orbital symmetry correlations, Figure 4, that the 
symmetric approach of the doublet ground state methyne in the addition 
to ethylene is forbidden by both spin and orbital Becmctet e 

The question of "stereoselectivity" in carbyne chemistry 
is best discussed by analogy with carbene and atomic carbon chemistry. 
In the stereospecific addition reactions of unsymmetrical carbenes 
to olefins that have no center of symmetry nor a twofold symmetry 
axis along the C=C bond (e.g. cis-butene-2), two modes of ets 
addition are possible. Discriminating between the two possible ways, 
the stereoselective carbene produces two different adducts designated 


as syn and anti. Carbyne and atomic carbon are not stereoselective 
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Correlation Diagram for the Addition of 


Methyne to Ethylene 
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in the same sense in that the discrimination does not occur in 

the primary addition reaction. Thus Skelies reports stereospecific 
addition of ground state atomic carbon (?p) to cts—butene-2, which 
yields, in the first step, an intermediate carbene, triplet cis- 
dimethylcyclo-propylidene, which then in a subsequent reaction adds 
non-stereospecifically to the substrate to give two different 


spiro-pentenes. 


fot oe 


oF 


Pe 


The primary step of carbyne addition is expected to give a cyclo- 
propyl radical in which the stereochemical information content of 

the parent olefin would be maintained but without additional content 
of the reaction itself. However, new information would be impressed 
in the subsequent H-atom abstraction of the cyclopropyl radical and 
in this sense stereoselectivity of carbynes and therefore the ratio 
of isomeric adducts may be quite relevant in the characterization 

and chemical behaviour of carbynes. Stereospecific and stereoselective 
features can, of course, only be meaningfully considered provided hot 
molecule rearrangements do not occur; this in the liquid phase, 
geometrical isomerization of products can be discounted in view of 


high collision frequencies and consequent rapid deactivation. 
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1.4 Objectives and Outline 


As it has been discussed in the preceding sections, in 
the few studies addressed to the problems of carbyne chemistry, 
carbynes were generated by secondary photolysis or cracking of primary 
photolysis products or by high temperature thermolyses rendering 
kinetic analyses extremely difficult. The objectives of the present 
work were twofold: first, it appeared to be desirable to examine 
the possibility of developing a simple photochemical source of 
carbynes which would make quantitative kinetic-mechanistic studies 
possible, and second, to explore the chemistry of carbynes with a 
variety of substrates by means of product characterization and quanti- 
tative kinetic analysis of product yields. 

As mentioned above diethyl mercurybisdiazoacetate, DMDA, 


appeared to be a promising source material. This compound contains 


two extremely labile linkages, C=N, and C-Hg. The strength of the 
diazo carbon linkage is of the order of 25-30 kcal and photolysis of 
diazo compounds in the near u.v. is a widely used method of generating 


carbenes: 


G25) R,R,C=N, + hv rd RRC: =r No 


Similarly, the Hg-C bond strength lies within the same range or 
63,64 ° 

slightly higher, >” and absorption in the range 2200-2600A leads to 

the efficient production of alkyl radicals from the corresponding 


mereirialsse? 2 For the reaction 
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(26) CH, + N, a CHAN, 


< 68 
Von Bunau has estimated AH = -47 and -36 kcal/mole for singlet and 
triplet state methylene, respectively. Therefore, photolysis of DMDA 
° 

at 2537A (112 kcal/mole) could lead to the overall primary decomposi- 
con. 

O 

II 

ile eee 0 

(23a) Hg 2 POL Magnet aes at 2CH.,CH,OC-C: 
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with the production of ar ground state carbethoxymethyne. Therefore 
DMDA has been photolyzed in various solvents involving olefins and 
aromatics and the detailed reaction mechanism of product formation 
investigated. A number of different mercury-diazo compounds whose 
syntheses were described by Do Minh et Bae in 1968 were also 
considered as potential carbyne precursors. 

Following a description of the general experimental procedures, 
the results and discussion for the solvents cyclohexene, cts- and 


trans-2-butene, pyrrole, and benzene will be presented. 
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CHAPTER 2 


EXPERIMENTAL 


Pape Apparatus and Instrumentation 


A great variety of apparati and instruments had to be used 
because of the many different materials and products encountered 
throughout this work. Some apparati were modified or specially 
built to accommodate the particular requirements. A brief descrip- 
tion of each apparatus and instrument used is listed below. 

A conventional high vacuum system was constructed for 
handling gaseous products, condensing and degassing low boiling 
solvents (e.g. butenes), and vacuum distillation of high boiling 
products. A pressure of one torr could be realized by a two-stage 
mercury diffusion pump backed by a mechanical Duo Seal Vacuum Pump 
(W. M. Welch Manufacturing Co.). Pressures were measured 
by a mercury manometer, Pirani gauge tubes (Consolidated Vacuum 
Corp.), a McLeod gauge, and a MKS Baratron Type 77 electronic 
pressure meter capable of measuring absolute pressures in the range 
107? to 30 torr. In addition to a U-trap distillation train for 
product purification, the system had an analysis section which 
consisted mainly of a Toepler pump, a gas burette, and a gas chromato- 
graphic (g.c.) analysis system. Non-condensable gases (No > CO) were 
passed through the Toepler pump and measured in the gas burette from 


where they could be introduced into the evacuated sample loop of the 
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&-C. System or collected in a removable glass bulb for mass spectral or 
infrared analysis. The g.c. analysis system consisted of a Gow-Mac 

TR2B temperature regulated thermal conductivity cell maintained at 180°C 
and a filament current of 150 mamp.. The power supply was a Gow-Mac 999-C. 
The chromatograms were recorded by a Sargent Recording Potentiometer 
Model (SR). 

A Nester-Faust Adiabatic Annular spinning band distillation 
column was available for efficient distillation and difficult separa- 
tions. The still was vacuum jacketed and silvered making it adiabatic. 
The band, which acts as a packing, was driven through a vacuum 
septum, and this seal allowed a vacuum better than 20 microns. 

A Buchi Rota vapor was employed in connection with a 
standard water aspirator for distillation and rapid flash-evaporation 
of solvents under reduced pressure. 

A modified bulb-to-bulb distillation apparatus (Fig. 5) 
was designed and used with good success especially for the distillation 
of high boiling unstable mercury adducts. The distillation bulb 
(diameter 2 to 4 cm) contained a magnetic stirrer and was completely 
submerged in the oil bath except for the septum. The traps were conven- 
dently cooled with small Dewar flasks containing a suitable slush or 
liquid nitrogen. After completion of the distillation the trap and 
the distillation bulb were separated and weighed on an analytical balance 
with and without content to obtain the yield of product and residue. 

A Fisher-Johns melting point apparatus was used for all 
melting points (m.p.) which, along with all boiling points (b.p.), are 


reported uncorrected. 
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A thermogravimetric analyser (model 950, E. I. du Pont 
Nemours and Company Inc.) was used to study the thermal decomposition 
of DMDA. 

The photolysis lamp assembly consisted of a Hanovia 450 W 
medium pressure mercury arc (No. 679 A 36) connected to a step-up 
voltage transformer. 

Several types of photolysis reaction vessels, Fies. 6a,b,c,d, 
were used throughout this work. All were used in connection with a 
cylindrical immersion well assembly (a), (Fig. 6a) which is described 
by Calvert and Pitrshe« The immersion well held the mercury are and 
the required cylindrical cut-off filter sleeves. The inlet and outlet 
of the quartz are jacket were connected to a cold water line. The 
immersion well assembly (a) was fitted with an appropriate ground 
glass joint into a 200 ml pyrex reaction vessel (b) (Fig. 6b) which 
was purged with nitrogen through a sintered glass inlet at the bottom 
of the vessel. The vessel had also a side arm with a standard T 24/40 
joint which was mounted with a 12 inch condenser. For constant 
temperature operation the vessel was immersed into a 3.5 liter beaker 
which was filled with cooling liquid (water or ice-water) and had a 
side arm as overflow. The geometrical arrangement of the immersion 
vessel assembly with the mercury are in the center permitted only 
one-half of the total volume (100 m1) to be irradiated directly 
in a cylindrical mantel of about 0.5 cm thickness. To facilitate 
adequate circulation and mixing of the solute of the dead space into 
the effective irradiation area a magnetic stirrer was used in 


addition to. a brisk stream of nitrogen. Quartz tubes (c) (Fig. 6c) 
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FIGURE 6: Photolysis Reaction Vessels: Immersion Well 


Assembly (a); Pyrex Reaction Vessel (b); Quartz 


Tube (c); and Quartz Tube with Attached I.R. 


CELL (da). 
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sealed with a Rotaflow valve (Outckitt, “Tr 2/24) and “a sidearm with 
septum for removing the test samples with a syringe, were used for the 
irradiation of degassed samples and samples containing a liquified 

gas as solvent. The teflon stem of the Rotaflo valve could be removed 
for addition and removal of solids or a magnetic stirrer. Two sizes 
of tubes were employed: 30 ml (16 mm diameter), and 120 ml (38 mm 
diameter). For constant temperature operation the photolysis tubes 
(c) were immersed into the 3.5 liter cooling bath together with the 
immersion well assembly (a). 

A quartz tube with an attached i.r. cell (d) was constructed 
to monitor the extent of DMDA disappearance and EDA formation during 
photolysis. Kovar seals were soldered to the two openings of a 
Standard sodium chloride i.r. cell, and then attached via 4 mm dia- 
meter pyrex tubing to the photolysis tube above the graded pyrez- 
quartz seal. By shifting and turning the whole assembly, the loop 
with the i.r. cell could be flushed and filled with the reaction 
mixture for measurement. Thus i.r. measurements could be performed 
during photolysis using condensed gases as solvents (e.g. butenes), 
without concentration changes due to solvent evaporation, and also 
air was excluded from the system. 

Several different cylindrical filter sleeves were inserted 
into the immersion well surrounding the mercury arc to eliminate 
the lower wavelengths of the arc. Fig. 7 displays the cut-off 
range for various filters, determined with a Perkin-Elmer (Model 


202) ultraviolet-visible spectrophotometer. 
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Gas chromatography isno~) was carried out with three 


different instruments in addition to the previously mentioned g.c. 
unit of the high vacuum system. A Varian Aerograph (Model 90P) 
was mostly used for preparative work. The instrument was modified to 
accommodate an effluent splitter in order to collect thermally unstable 
products. Hewlett-Packard's research chromatographs model 5750B 
and model 7620A served as analytical instruments. Both instruments 
were equipped with flame ionization detectors, dual column and 
automated temperature programming systems. 

The infrared (i.r.) spectra were recorded with a Perkin 
Elmer (model PE-421) and a Perkin-Elmer Infracord (model PE-6137) 
spectrophotometer. The polystyrene 1601 ea band was used as a 
reference. The PE-421 was employed for quantitative measurement 
because of its sensitivity and versatility, which allowed very slow 
scan rates and a scale expansion by changing the gear ratio (e.g. 
gear ratio of 1 to 4 gave 100A per cm). 

The ultraviolet (u.v.) absorption spectra were measured in 
"spectro" grade solvents with a Cary 14 and a Cary 15 recording 
spectrophotometers. An MTS Fortran H program was used for the 
analysis of electronic spectra using the Gaussian approximation to 
resolve the spectral envelope into component peaks. The program 
was designed by Drs. E. D. Day, D. R. McTavish and R. G. Cavell. 

The mass spectra (m.s.) were determined with an A.E.I. 
MS-9 double-focusing high resolution mass spectrometer operated at 
70 eV, and an A.E.I. MS-12 mass spectrometer in combination with g.c. 


analysis. Peak measurements were made with perfluorotributylamine 
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as reference at a resolving power of 15,000. 

The nuclear magnetic resonance (m.n.r.) spectra were 
recorded on Varian A-56/60 and A-100 spectrometers. Proton spectra 
were measured with tetramethylsilane, and fluorine spectra with 


trichlorofluoromethane as reference standards. 


2.2 Materials 
Commercially available chemicals of "Reagent" grade were 


used without further purification unless otherwise specified. 


Preparation of Ethyldiazoacetate, EDA 


EDA was used as starting material for DMDA and also as a 
source of carbethoxycarbene in control experiments. The procedure 
reported in the latest edition of "Organic Synthesis’? was followed 
for the preparation of EDA. The method quotes "high boiling esters" 
as main contaminants in the product fraction and it was observed 
that one such "high boiling ester" was dicarbethoxyfuroxan. The 
formation of this byproduct in the synthesis of ethyldiazoester by 


the action of sodium nitrite on glycine ethylester hydrochloride can 


(27) HC1-NH,CH,CO,C.H, SE NaNO. = N,CHCO,CH. + NaCl + 2H,0 


be derived from the following considerations: Skingen has found that 


glycine ester hydrochloride and sodium nitrite, in the presence of 


hydrochloric acid, form the ester of chlorooximino acid according to 


(28) HC1*NH,CH,CO,C_H, Sr. HNO, a2 CIN,CH,CO,C,H. MI 2H,0 
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NO 
{ 
CIN, CH,CO,C,H, 4 HNO, - CIN, CHCO,C,H. ots HO 
i fe: 
CIN ,CHCO,C,H. a4 HONCCO,CH. aL N, 


ethyl chlorooximinoacetate 


According to Wieland’? chlorooximinoacetate condenses in the cold 


to dicarbethoxyfuroxan with great facility when treated with sodium 


bicarbonate; 


NaHCo I i 
(29) 2C1-C-CO,,C,H, Potent H,C,-0-C-C cee es 


N N 
NOH No% N\ 
dicarbethoxyfuroxan 


Dicarbethoxyfuroxan was easily chromatographed (15 ft x 1/8 inch 
column of 12% XE 60 on Chromosorb W, 40-60 mesh, column temperature: 
170°C, flow: 60 ccm per minute, retention time 26 minutes). The 


elemental analyses calculated for CoH, N59 and found were: 


Carciilated: 41.720; 4.3%: 012 J 22N 


found: 43.1403 4.7% 8: 10. 82N 
74, i : 
Reported and observed properties were in good agreement: 


be paces 90° /OS14 torr 
m.s.: m/e 29 (base peak); 230 (parent); 215 (P-CH,) 


200 (P-2CH, and P-NO); 185 (P-OC.H-) 
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fic. (CCl): 1740 ems) (CaO): 1620 cme (CaN) 
Miter. (CC1,): Tes, O00enGet oo) (triplet, CH) 


T 5.58 and tT 5.54 (quartet, ~CH,-) 


Distilled EDA purchased from Aldrich Chemical Co., did not contain a 


detectable amount of dicarbethoxyfuroxan. However, in the subsequent 


synthesis of DMDA, freshly prepared EDA appeared more suitable. 


Preparation of Diethyl Mercurybisdiazoacetate, DMDA 


The reaction of yellow mercuric oxide and EDA as described 


by Buchner /® 


was used to prepare DMDA in 85% yield. It was noticed 
that the exclusion of air, moisture, and light reduced the decomposi- 
tion of freshly formed DMDA in solution. Decomposition, as readily 
seen by deposition of black metallic mercury, also occurred when the 
cooling of the exothermic reaction was insufficient. Thus violent 
and almost instant decomposition occurred several times when the heat 
of reaction was not controlled adequately. The initiation of the 
reaction with purchased or stored EDA appeared difficult and often 
took more than three hours. A crystalline product of sulphur-like 
yellow color was obtained by recrystallization from ethyl ether. 
Analytical data of DMDA: 

m.p.: 103-104°C 


m.S.: calculated and found parent peak m/e 428 (CoH GN, 0, 


202 
Hg” “); base peak m/e 85 (C-CO,CH.) 
yeeagaayr Vay k ais (C=N,)3 1670 en esos? 
evel oe m264 mu. Ce: 22, 000) 


max 
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EtOH 


ot 380 mu (€=107) 


i,m, t. (CDC1,): T 8.75 (triplet path 7Hz; OH; ~CH,) 


T 5.80 (quartet 7Hz3 4H; ~CH,~) 


Solvent purification: All solvents used were checked by i.r. and g.c. 
analysis for impurities. Cis- and trans-butene-2 (Matheson) as well 

as hexafluorobenzene (Aldrich) had less than 0.1% total contaminant 

and were used without further purification. Cyclohexene (BDH "Reagent 
grade) was dried over potassium hydroxide pellets and then distilled 
under reduced pressure by spinning band chromatography. However, 

a check of the liquid residue of a 20 ml sample of purified cyclohexene 
by g.c. showed the presence of cyclohexanol, cyclohexenol, and cyclo- 
hexenone. These impurities were identified by comparison of g.c. 
retention times and combined §-C.-m.S. analysis. They are typical 
autoxidation products of cyclohexene. The level of contamination 

could be kept below 0.1% (including other unidentified oxidation 
products) by using freshly distilled solvent. Pyrrole (Eastman, 
practical) was always distilled immediately prior to photolysis 

because of the instability of this solvent towards oxygen. Benzene 
(Shawinigan, "Reagent" grade) was treated with sodium and then distilled 


under reduced pressure. 


2.3 Photolysis 
Because DMDA is a solid with a low vapour pressure at room 


temperature photolyses were carried out only in solution. In each 


we 
in 
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solvent, the photolysis of EDA was also carried out parallel to the 
photolysis of DMDA and the results compared, The experimental 
conditions such as wavelength, irradiation time, concentration, 
geometrical arrangement of reaction vessel and lamp, temperature 

and solvents were found to profoundly affect product yields. There- 
fore variables had to be carefully controlled and their effects 
explored. 

Cut-off filters as described in section 2.1 fixed the lower 
wavelength limit and therefore the amount of energy dissipated to the 
system. A wavelength study was also done for the various solvent 
Systems by interchanging the cut-off filter sleeves. The wavelength 
and the type of filters are reported together with the results for 
each photolysis experiment. 

The irradiation time varied with wavelength, geometrical 
arrangement of the irradiation source, concentrations of DMDA and EDA, 
and solvent. It was monitored by the disappearance of the characteristic 
diazo bands in the i.r. Photolyses designed for product characterization 
analysis were always carried out to the complete disappearance of the 
diazo band. This was done by either removing a test sample with a 
syringe for i.r. analysis or using a photocell with the attached i.r. 
cell. Incomplete photodecomposition could result in non-photolytic 
decomposition of the remaining unstable DMDA in the work-up procedure. 
Excessive irradiation was avoided to keep secondary photolysis of the 
reaction products to a minimum. The irradiation times were reported 
with the results of each photolysis. They represent the times 


necessary to completely photolyze DMDA or EDA under the given 
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experimental conditions. The i.r. monitoring of DMDA and EDA was not 
only used to determine the end of the photolysis but also the extent of 
EDA intermediacy in the photolysis of DMDA. For this purpose V0.1 
gm samples were dissolved in 20 ml of cyclohexene and 1 ml samples 
withdrawn every 2-3 minutes during photolysis. The disappearance 
of DMDA was measured in a 0.2 mm sodium chloride cell while the 
intermediate EDA was determined in a 1 mm ir. cell for higher inten- 
sity. The spectrophotometer (PE-421) was calibrated with samples of 
known amounts of DMDA and EDA. 

The low solubility of DMDA in most solvents studied, 
limited the concentration of the solutions, e.g. cyclohexene, 0.4% 
ets- and trans-butene, 0.2%, benzene, 0.5%. Attempts to dissolve 
larger amounts by heating the solution resulted in precipitation of 
mercuric oxide and decomposition of DMDA. The amount of DMDA used 
in each photolysis is reported with the results together with size 
of vessel and temperature of cooling water. 

In the general photolysis procedure the weighed amount of 
DMDA was put into a cleaned and dried reaction vessel together with 
the required amount of purified solvent and a teflon coated magnetic 
stirrer. When the 200 ml pyrex reaction vessel with the immersion 
well assembly was used, the DMDA was immediately dissolved by stirring 
(v30 minutes) and then the cooling water and the irradiation lamp 
were turned on. The cooling water varied from 16°C (winter) to 27°C 
(summer). Most runs were done at 18 - 20°C with the help of ice 


when required. 


When the sealed quartz tubes were used, the reaction mixture, 
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solid DMDA plus solvent, was degassed by freezing with liquid 
nitrogen and evacuated on the high vacuum system two or three times. 
The DMDA was then dissolved and irradiated for the required time by 
positioning the tube within 2 cm of the immersion well assembly 
(section 2.1). Both the immersion well assembly and the reaction 
vessel were always placed in a 3.5 liter cooling vessel during the 
photolysis for constant temperature operation. 

One further variation of the photolysis procedure was the 
use of liquified or condensed gases as solvents, i.e. cts- and trans- 
butene. A quartz tube with a Rotaflo valve was evacuated after addi- 
tion of the required amount of DMDA and a magnetic stirrer. By 
cooling the quartz tube to -78°C with a ary ice-trichloroethylene 
slush the required amount of gas was condensed into the quartz tube 
from a gas cylinder which was also connected to the high vacuum 
system. The pressure was less than 30 torr and at room temperature 


slightly over 760 torr, which was well within the pressure resistance 


of the quartz tube used. For the removal of this solvent the reaction 


vessel was kept at 0°C (water-ice) and the gas was slowly distilled 
into a heavy wall pyrex storage tube kept at -78° (dry ice-trichloro- 


ethylene). 


erat Thermolysis 


The thermal decomposition of DMDA in various solvents was 
examined briefly. The photolysis tubes described in section 2.1 
were used as reaction vessels. The tubes containing the reaction 


mixture were closed and immersed into a temperature controlled water 
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or oil bath. In a few cases the decompositions were carried out in 
sealed Carius tubes which were heated by a remote temperature 
controlled Gallenkamp tube furnace. A sample of pure DMDA was also 
decomposed using the Du Pont Thermogravimetric Analyser. About 20 mg 
of pure DMDA were put on the semi-micro balance and the weight of 

the sample wis measured as a function of linearly increasing tempera- 


ture, 


Dwd Analyses 


Product analyses of various photolysis and thermolysis 
reaction mixtures were for the most part a complicated and often 
lengthy task. Much time was consumed for development of adequate 
qualitative and quantitative analysis procedures for each solvent 
system which often contained a host of unavailable or unknown 
products. Non-condensable gases (Nos CO) were separated and deter- 
mined prior to any work-up procedure. Utilizing the high vacuum 
system, the sample tube was frozen with liquid nitrogen and degassed. 
The non-condensable gases were collected with the Toepler pump 
assisted by an auxiliary mercury-diffusion pump. After measurement 
in the gas burette the gases were analysed on a 10 ft spiral glass 
column filled with molecular sieve (13X, Union Carbide). 

In general, the work-up procedure consisted of separation 
of metallic mercury by decantation and filtration, removal of solvent 
by flash evaporation, and analysis of the solvent free reaction 
mixture. The recovered metallic mercury was weighed on an analytical 


balance. However, the technique of collecting small amounts of 
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mercury from the reaction vessels as well as additional precipitation 
of mercury from the reaction mixture during further processing 
introduced a considerable error, in the order of 10 - 15%. 

The solvents were removed with the Btichi Rotavapor or, if 
solvent recovery was critical (e.g. hexafluorobenzene) by the use of 
standard semi-micro distillation equipment. Recovered solvent 
fractions were checked for light reaction products Dyee ace 

The remaining mixture of reaction products was submitted to 
fractionation via spinning band or bulb-to-bulb distillation followed 
by g.c. analysis of the different fractions. The residues including 
non-volatile reaction mixtures were analysed by liquid chromatography 
(l.c.) and thin-layer chromatography (t.l.c.). Whenever t.l.c. would 
not show distinct separation after repeated attempts with a number 
of different solvents the residue was considered polymeric and further 
analysis was abandoned. Often, insolubility of residues and tailing 
of m.s. analysis at increasing temperature, confirmed the presence 
of polymeric materials. 

Product samples of total amount 200 mg or less were not 
subjected to distillation prior to g.c. analysis. The total sample, 
after evaporation of most of the solvent was made up to a known 
volume (e.g. 10 ml, using a volumetric vial) to be used as stock 
solution. The concentration of the various products was then 
determined by withdrawing aliquots (0.5 to 10 ul) from the stock 
solution for direct comparison with standard solutions using an 
analytical research chromatograph. The standards were prepared from 


isolated, purified, and identified products. The concentrations of 
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the standards (using the same solvent) were approximately the same as 

those in the unknown samples to minimize or avoid errors due to 

potential loss or decomposition on the g-c. column. The procedure 

was found to be reproducible within +5% by comparison of the integrated 

g-c. peak areas. Details of the g-c. columns used for each system 

and the conditions for programs are reported together with the results. 
The isolation of the individual products was often hampered 

due to thermal instability of the products and the complexity of the 

reaction mixtures which were in most cases heavy and dark oils. As 

a first preliminary step the mixture was analysed by a combined g.c.- 

m.S. scan which in most cases gave the required parent peaks for 

the major components resolved by the g.c. program. After this 

preliminary identification the §-C. program was adapted to a prepara- 

tive g.c. column and the individual products were collected - often 

with considerable loss - for structure confirmation De foe bes eee IN ap ee 

elemental analysis, m.p., etc. Effluent splitters were used in the 

collection of thermally unstable products. Some heavier and solid 


products such as mercury adducts, dimers and tetramers, were 


collected from l.c. and t.l.c. fractions by crystallization. The 
1l.c. separations were performed in a quartz column (2 Partene Pee 
60 cm length) packed with the required amount of silica gel for 
chromatographic adsorption (BDH, 60 - 120 mesh) and a trace of 
electric phosphor (Rotma-P-1, type 118-2-7, General Electric) which 
fluoresced when irradiated with a u.v. lamp (mineral-light, U.V.S.- 
ll Fisher Scientific). Separation and elution of the different 


fractions, which appeared as shadows, could be easily followed and 
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COMmecreq-eeror t. loc. separation, glass plates (20 x 20 cm) were 
coated with 0.2 to 1 mm silica Gel G (E. Merck AG) according to 
Stahl. T.1l.c. was also performed with precoated silica gel sheets 


(Eastman-Kodak). 
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CHAPTER 3 


PHOTOLYSIS OF DIETHYLMERCURYBISDIAZOACETATE 


IN CYCLOHEXENE 


3.1 Reaction and Observations 
Se eG VOSELVaALLONS 


The first systematic study of chemically produced mono- 
valent carbon was the photodecomposition of DMDA in cyclohexene. On 
photolysis of a solution of DMDA in cyclohexene, evolution of nitro- 
gen especially around the core of the immersion well could be observed; 
within a few minutes the bright yellow solution turned cloudy and 
bleaching of the yellow color was apparent. Near the end of the 
photolysis, as indicated by the disappearance of the mercury-diazo 
band (30 minutes) metallic mercury settled to the bottom of the 
reaction vessel and the solution became transparent again. When 
smaller diameter quartz tubes were used, metallic mercury plated out 
like a silver mirror on the wall adjacent to the immersion well with 
the light source. 

Seven major reaction products were detected in addition to 
nitrogen and mercury, presumably from insertion and addition reactions 
of intermediate radicals with solvent; significantly one of these 
contained mercury. Ethyldiazoacetate (EDA) was also formed in smaller 
amounts. The relative yields of all the reaction products were 
strongly dependent on the wavelength of irradiation and the presence 


of dissolved oxygen in the solvent. 
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The nature of the products was consistent with the 
intermediacy of carbethoxymethyne and the photolysis of DMDA therefore 
appeared to be a promising source of carbethoxymethyne radicals. In 
order to establish firmly the méchant sti & details of the overall 
reactions it became imperative to characterize not only the reaction 
products but also their dependence upon photon energy and temperature. 


Some aspects of the oxygen-initiated reaction had to be also examined. 


3.2 Product Description 


Metallic mercury and nitrogen which result from the 
decomposition of DMDA could be easily isolated and identified (cf. 
Experimental, section 2.5). After evaporation of cyclohexene from 
the reaction mixture, the following seven additional products were 


separated and identified: 


CHCO,Et 
[1] ethyl (3'-cyclohexenyl) acetate 
y bs 
(insertion product) 
CO5Et 
H 
[2] ethyl endo-norcarane-7-carboxylatc 
(endo addition product) 
H 
CO5Et 
PS] ethyl exo-norcarane-7-carboxylate 


(exo addition product) 
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[4] Cy) 3,3'-bicyclohexenyl 


CO5Et 


[5] | ethyl norcarane-7-(3'-cyclohexy1)-7-carboxylate 


CO_Et 


2 
[6] | ethyl norcarane-7-cyclohexy1-7-carboxylate 
[7] Cyr diethyl mercury bis-norcarane-7~carboxylate 
5 (mercury adduct) 
Cy 


The retention times (t,)> molecular weights or parent peaks (m/e P), 
and the ten most intense mass peaks (m/e) for ail seven products were 
determined by combined g.c.-m.s. analysis using three different g.c. 
programs (Table VI). 

Products [1] to [6] were distilled by bulb-to-bulb distilla- 
tion (cf. Experimental, section 2.1) at 100-110°/0.01 mm Hg, and then 
isolated from the distillate by preparative g.c. The fraction dis- 
tilling at 175° - 200°C at 0.01 mm Hg contained the mercury adduct 
[7] which partially decomposed at that temperature as evidenced by 
appearance of metallic mercury. Upon cooling, the fraction gave a 


crystalline, white compound (m.p. 126 - 127°C; recrystallized from 


n-pentane), 
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Molecular weights, determined by m.s. measurements, the 


principal well defined peaks of i.r. and n.m.r. spectra of compounds 
[1] - [7] are reported in Table VII. The data are in agreement with 
the proposed structures. Compounds [1] to [4] have been characterized 
by Sell 7 in the photolysis of EDA in cyclohexene. The insertion 
product [1] gave positive unsaturation tests with bromine and 
catalytic hydrogenation. The low field multiplet at T = 7.50 in 

the n.m.r. spectrum may be assigned to a methinyl allylic proton. 
Irradiation on this proton produced significant changes in the 
splitting patterns of both the a-methylene and vinyllic protons. 

Thus this structure is consistent with insertion into the allylic 


C-H linkage of cyclohexene. Compounds [5] to [7] are novel and do 
not occur in the photolysis of EDA in cyclohexene. 

Examination of the n.m.r. spectra of the mother liquor 
in the separation of [7] indicated the presence of at least one other 
mercury compound, possibly two. They are tentatively assigned 


insertion [8] and mixed insertion-addition [9] mercury adducts: 


CH -CO,Et 
[8] On 


Hg (insertion mercury adduct) 


[9] (ci -CO,Et 


Hg (mixed insertion addition mercury 
adduct) 
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Chromatography of the mother liquor by l.c. gave a main fraction with 
the following n.m.r. SP SPEC Un et Cmo0. COMe70'HZ, 6H). isdn berad 
around 8.20 (1 broad ms 16H) at 65 998.104 fh 0 Hz, 4H); t 4.40 (m, 3-4H). 
This heavy, viscous oil could not be crystallized. However 

the low lying multiplet of t.4.40.in the-n.n.r. spectra gives strong 


evidence for an insertion mercury adduct, [8]. 


3.3 Effect of Wavelength 


While measuring the products [1] ear? | quantitatively it 
was found that the wavelength of irradiation had a Significant effect 
on their yields. For this reason irradiation was effected by using 
four different wavelength regions utilizing interchangeable cylindri- 
cal filter sleeves (cf. Experimental, section 2.1) in the immersion 
well of the photolysis lamp. The relative product yields of the 
photolysis of DMDA in cyclohexene at the four different wavelength 
regions are given in Table VIII. Shown are the theoretical yields, 
based on the starting material, DMDA, for the major products. The 
yields of the various products were determined by direct comparison 
with standards prepared from isolated, purified and identified 
products using analytical g-c. techniques (cf. Experimental, section 
2.5). The detailed analytical data for the g-c. determination of 
products for the individual photolyses and the description of the 
standards is appended (Appendix A). 

Table IX shows the effects of wavelength on product ratios. 


Several trends are noticeable. The insertion to combined endo plus 
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TABLE VIII 


Product Yield Variation as a Function of Wavelength* 


(ee 


Percent Yield for the Wavelength 
> 


a ae >2100A >2400A >2800A >3200A 
(Vycor) (Corex) (Pyrex) (Uranium) 

eS ee a eo a Or CS 
[1] 9.2 8.4 5.4 2.95 
[2] 13.6 6.6 2a 1.3 
[3] 17 “Os 0.5 0.3 

ail -h) a54 3.0 125 0.6 
(6] ay 1.9 0.5 0.1 
aPLi=fol' > —30.6 2057 kage aa 
[7] 16.4 2730 38.6 37.6 
Total Product 47.0 47,7 48.7 42.9 
REREEPEERGROOAGL: “Thy SOG 160) whe caer 


———— 


* average of three experiments. 


TABLE IX 


Effect of Wavelength on Product Ratios 


——— SSS 


° 
Wavelength, A 





>2100 >2400 >2800 >3200 
Compound Ratio (Vycor) (Corex) (Pyrex) (Uranium) 
oS <n Se EE ele Ook Nes ie Ra i ee ee ee LT 
(1]/([2] + [3]) bl 1.8 
(Insertion/Endo + Exo) 0.6 1.2 2.0 J 
[2]/(3] 8 4.4 4.3 
(Endo/Exo) — oh ; 
[71/{1] + [2] + [3] + [5] + [6] 0.54 1.30 3.82 7.09 


(Hg-adduct/total insert. + add.) 
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exo product, i.e. [1]/([2] + [3]) increases with increasing wavelength. 
The endo to exo product ratio, [2]/[3], which decreases from 8.2 to 
4.3 with increasing wavelength, is considerably higher at all wave- 
lengths than the values obtained from the photolysis of EDA in cyclo- 
hexene. Thus [2]/[{3] = 0.625 was initially determined by Skell and 
Reta and later repeated by Moser’® who found a value of 0.53. 

An increase in light energy also resulted in a decrease of the ratio 

of mercury addition product to combined insertion plus addition 
products, i.e. [7]/({1] + [2] + [3] + [5]+ [6]). Since the total 
amounts of organic products, including the mercury adduct, are nearly 
constant (50%) it would appear that some products are formed at the 
expense of mercury adcuct. The stability of [7] was therefore examined, 
to establish the importance of secondary photolysis or thermolysis of 


the mercury adduct. 


3.4 Relative Stability of the Mercury-Adduct, [7] 


Samples of [7] were photolyzed in cyclohexene, but metallic 
mercury was not observed during the time required to photolyze an 
equivalent sample of DMDA under the same experimental conditions. 
However, extended irradiation, especially at shorter wavelength (>2100A), 
resulted in some decomposition of the mercury-adduct with the appear- 
ance of [1], [2] and [3]. To establish the maximum degree of secondary 
product formation in the photolysis of DMDA samples of [7] were 
photolyzed, and the extent of disappearance of [7] as well as the 


formation of products [1], [2] and [3] (insertion, endo and exo 
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addition products, respectively) were determined quantitatively. The 
results are shown in Table X along with standard samples of DMDA. It 
is seen that the yields derived from photolysis of the mercury adduct 
are considerably lower than those from DMDA for the same irradiation 
time of 30 minutes. 

In several additional experiments it was noticed that in 
the absence of 0,5 the predominant product of the photolysis of [7] was 
the endo-adduct [2]. This is shown in Table XI where the photolyses 
were performed in small quartz tubes which were carefully degassed 


prior to irradiation. 


aie Intermediacy of EDA 


In order to rationalize the intermediacy of EDA in the 
photolysis of DMDA, auxiliary experiments were performed in which the 
concentrations of these species were continuously monitored using 
the sharp infrared diazo bands at 2075 erie and 2110 ae in cyclo- 
hexene for DMDA and EDA respectively. Details of calibration pro- 
cedures and measurements are appended (Appendix B). The wavelength 
and time dependence of EDA and DMDA concentrations are shown in 
Table XII and Figures 8 - ll. 

Unfortunately, it was observed that the rate of photolysis 
was quite sensitive to the amount of light absorbed, i.e. to experi- 
mental conditions such as the rate of stirring, distance of the 
photolysis tube from light source, amount of light dispersed by 


suspended mercury formed during photolysis, etc. Therefore, the 


aff Wytovivatigawp borletintel ocow (yfeviiteageen ptqubeng molttehe, 
17 wANMD To ebleths, frabnays. ctw gcoie-h ager al ewode ors eluaet a) . 
Sow tote ora i” otevfosaty oom) Bbovieeeh ehloke-ads jad? e9ee ek | 
nGt si swith Sean od? “uv? ATV mo1d seodt air val widgapbipned wee 
: - eardiser kon o€ to amki. | 5 
oo ai ls é Mat. htw mtr yes) etoitiite Loaree 2d rt. j 


Baw | \i° XA ray mose i tb pear nankeoch rial On 1c? na) eyieeds sis 


‘G4 jo sasthowyegol yi 


- b 
Oat ie - 
Sma al ATA 36 yYsglbsorretc? Sc) of tien ide oF «ahes al ; 
a9 re 
ony Goi wh Geen li sidy show treyss yruligewse , AST do uteylogenig ~ 
i ; J J 
gihau bavexigem gletuctinden cow ee toude, ete 36 eyetsedtegegeae ee 
Da } : Me : ji 7 ' 
eisge ni 3 3 0eu ULES. Bve no O\e Jo orn ptt bien tet qt eee 
“* 
"Oe mGisasitan to “liv seit aaj pas abs MO ben 200. 303 anexed- 
7 i : a 
| Bipestovic oft «Gi wasters) boas Bh Gteeseen base 2erbeD «'>, = 
r : 


” 
te 


tt needs ote, serch Esto ASO ea MER Po apmbnagel “a 


i > an + aa ae sik chedpaiaadr 
Can 


a Peon ms haa theo wan View nies wei 


9 





7 


7 a ' 
: 7 ets oy : 


57 


TABLE X 


Comparison of Yields from the Photolysis of DMDA and 


[7] in Cyclohexene* 


a SSa.aagQgQQQgg_Q_E_—— 


Filter ; 
: starting mg product mg [7] 
(wavelength, A) material, mg ie Pes aes recovered 
te We BE Oe ee eee ane 
F500) DMDA, 778 68 50 4 : 
en [7], 310 or 310 + 28 
hee & DMDA, 773 55 90 9 - 
Wetay) [7], 310 eG RUDE Samnse te 275 + 28 


wo ee eee Eas 


a photolysis time of 30 min. 


TABLE XI 


Product Yields from the Photolysis of [7] in the 


Absence of Oxygen 


ane 





% theoretical yields 


Photolysis cell Irradiation ————— 
diameter (mm) time (minutes) [1] P24 ald Ea Se 
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63 
results were not suitable for accurate rate determinations, but 
limited the evaluation of the data to a comparison of the relative 
rates of disappearance of DMDA and simultaneous formation of EDA in 
the initial stages of photolysis. Furthermore, EDA is also 
photolyzed under the given experimental conditions and the observed 
apparent rate of formation of EDA is probably a resultant 
curve of its formation and subsequent photolysis. It was assumed, 
however, that in the initial stages of the photolysis, secondary 
photolysis is negligible, and that the slope at this point is a fair 
assessment of the rate of EDA formation. From the relative rates of 
DMDA disappearance and EDA formation which were approximated from 
the initial slopes, the upper limit of EDA formation could be 
estimated. The importance of the intervention of EDA was found to 
increase with increasing wavelength of irradiation: 8% (X>2100A), 

122% (X>2400A) ; 20% (A>2800A) ; 30% (>3200A) 

In spite of the fact that the solutions were always degassed 
and maintained at 18°C (at lower temperatures DMDA crystallizes out 
of solution) small amounts of EDA, 0.25 to 1.1 x 107° moles/liter, were 
always formed during dissolution of DMDA in cyclohexene prior to 
photolysis. Hence additional experiments were performed to study 


the effects of oxygen and temperature on the decomposition of DMDA. 


ovo" Effects of Oxygen and Temperature 


A solution of 0.1034 gm DMDA in 20 ml cyclohexene was 


degassed and kept in the dark at room temperature (24 - 25°C). 
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Infrared analysis after 24 hours showed that the concentrations of 
DMDA and EDA were unchanged. Subsequent irradiation of this probe 
resulted in decomposition of DMDA and simultaneous EDA formation as 
described above (section 3.5). 

Addition of 4 x ee moles of oxygen to a solution of 0.1073 
gm of DMDA in 20 ml of cyclohexene effected moderate decomposition 
after one hour at room temperature. 

The effects of oxygen and temperature on the decomposition 
of DMDA are summarized in Table XIII. The data clearly document 
the thermal stability of DMDA in cyclohexene in the absence of 
oxygen up to 145°C. In the presence of oxygen however, DMDA decom- 
poses readily with increasing temperature, yielding about 50% EDA. 
Although detailed product analyses were not carried out, preliminary 
g.c. analysis showed large amounts of typical autoxidation products 
of cyclohexene, including cyclohexanol, cyclohexenol, cyclohexenone, 
and bicyclohexenyl. Only trace amounts (<1%) of insertion and 
addition products of cyclohexene could be verified. 

The mercury was recovered as mercuric oxide, a greyish and 
flocculent precipitate which, in contrast to metallic mercury, 
dissolved easily in dilute hydrochloric acid. The mercuric ion was 
then identified as copper amalgam and mercuric sulfide. 

Pure DMDA (23 mg) decomposed readily in a thermal analyzer 


under vacuum within 10 minutes in the temperature range of 105 to 


125° Cs 
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3.7 Discussion 


The direct photolysis of DMDA in cyclohexene has yielded 
a number of characteristic reaction products, and also shown a 
great sensitivity of product distribution to experimental conditions. 
The subsequent discussion is intended to be an interpretation of 
these results in terms of various possible mechanisms with the 
emphasis on the elucidation of the conditions for predominant carbyne 
intermediacy and the characterization of the chemical behaviour of 
carbyne transients. 

The most predominant and important feature is the involve- 


ment of the cyclopropyl radical 


which is unequivocally demonstrated by the high endo- to exo- 
addition product ratio, [2]/[3]. Carbethoxymethylene from the 


photolysis of EDA in cyclohexene has been reported to give the 


same products; //?/8 
O 
(30) N, = C-C-OEt ———> N, + :C-C-OEt 
Et0O-C=0 
} 
H 
:C-C-OEt + On Sr en 


CH, CO okt 


[1] [2] [3] 


However, there is a notable difference. The endo/exo product ratio, 
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[2]/[3], was only Cae which differs considerably from the value 
8.4 observed in the photolysis of DMDA for the proposed addition of 


carbethoxymethyne to cyclohexene: 


| re 
; 7 7 oEt 
C1) O + :C-C-OEt > 


The fact that the less stable endo isomer is the predominant product 
here can be readily rationalized from steric considerations: thus 
the radical intermediate would be expected to react preferentially 
on the more exposed side of the p-orbital, in accordance with the 


proposed addition abstraction sequence: 


ir CO5Et 

4 H-abstr. [2] 
eth 14 te 
(32) CY more favorable 
H 
si CO 
Et 

H-abstr. 2 3] 


less favorable 


The cyclopropyl radical [2a] is also an intermediate in the 
photolytic decomposition of the mercury-adduct [7] which yields 
metallic mercury and predominantly endo-addition product [2]. Following 
cleavage of the carbon-mercury bonds hydrogen abstraction leads to the 
formation of <0.2% exo-addition product [3] and <0.2% of the insertion 
product [1], the latter being the manifestation of the occurrence 


of a slow isomerization reaction. 
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0 O OEt 
O 
J y \/ 
Ham C C 
( Ps OEt ort : 
(33) \ hy CY H-abstr,. 
2 
| 0 fe [2] [3] 
\¢7 | isomerization 
NOEt 
H- : 
[7] abstr 
CH-CO5Et 
CH,-CO,Et 


[1] 


In view of the limited formation of [2a] via the photolysis 
of the mercury-adduct [7] (cf. Table X) all possible primary modes 


of decomposition of DMDA must be carefully considered here in order 


oe 


\ 
OEt 


species, is the only major possible route that may lead to the 


to ensure that carbethoxymethyne (:C-C ), the monovalent carbon 
production of [2a] and hence be correlated to the endo-product [2] 
formation. 

Primary steps that can be envisioned in the photolytic 
decomposition of DMDA involving monovalent, divalent and trivalent 
intermediates include: 

a) simultaneous rupture of the carbon-nitrogen and carbon- 


mercury bonds leading to 2N, Hg and carbethoxymethyne: 


N,=C-CO,Et 
(23a) ht Oe hy _H 
= Hg —+ 2N, + Hg + 2:¢-C-o8t 
N,=C-CO,Et 


b) simultaneous cleavage of one carbon-nitrogen bond and 
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both carbon-mercury bonds yielding Ny, Hg, carbethoxymethyne, 


and EDA radical (N,C-CO, Et) : 


N,=C-CO Et 0 
| hv me 
——> _N, + Hg + :C-C-OEt + N,=C-CO,Et 


(23b) 


| 
N,=C-CO5Et 


c) single carbon-nitrogen rupture to give a novel 


mercury carbene 


N,,=C-CO5Et 
| 
ep ae N, + Et-0 C-C: 
(23c) | 
N,=C-CO9Et g 
EtO-C-CN 
Wo 2 
O 
d) mercury-carbon bond rupture to yield Hg and EDA 
radicals: 
N,=C-CO,Et 
la 
(23d) ee Hs N,C-C-OEt 
N,=C-CO,Et 


e) elimination of nitrogen between diazo groups of DMDA 
and simultaneous cleavage of the mercury-carbon bonds to form No» Hg, 


and carboethoxy-nitriles: 


Nj=C-COoEt 0 
(23e) nes N, + Hg + 2EtO-C-CN 
| 
N,=C-CO,Et 
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Reactions of carbethoxymethyne: A mechanism involving carbyne 


formation is shown in Reaction Scheme I (Figure 12). The carbethoxy- 
methyne formed by equations (23a) and (23b) may insert in the 
carbon-hydrogen bond, add to the double bond of cyclohexene, and also 
abstract hydrogen to give carbethoxymethylene. Based on criteria 

set forth by the spin conservation rule for the chemical behaviour of 
Singlet and triplet carbenes, the doublet-state carbyne may be 
expected to undergo insertion and concerted addition reactions, and 
the quartet-state reagent, abstraction and stepwise addition. 
Insertion into the allylic carbon-hydrogen bond leads to the inter- 
mediate radical [la] which, upon abstraction of hydrogen from the 
solvent, yields the final insertion product [L. Addition of 
carbethoxymethyne produces the intermediate radical [2a] which, 

after abstraction of hydrogen from the medium, yields endo- and exo- 
addition products [2] and [3]. The predominance of the endo isomer 
is taken here as a strong evidence for the proposed reaction 

sequence involving the intermediacy of the radical [la-2] and hence 
the intervention of carbethoxymethyne as the reactive intermediate 

of the photolysis. 

Another interesting feature of the carbethoxymethyne addi- 
tion reaction is the appearance of products [5] and [6], formed via 
addition of initially-formed radical [la] to cyclohexene, followed 
by hydrogen abstraction and competitive disproportionation. A 


33,34 


similar sequence was proposed by Wolfgang for the reaction of 


:C-H with ethylene [cf. Introduction, section 1.3, equations (6) 


and (7)] to form an allyl radical which, after addition to another 
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substrate molecule, ethylene, and subsequent hydrogen abstraction, 


yields pentene-l. 


Reactions of mercurycarbene. The presence of the mercury-adduct [7] 


among the reaction products and its strong wavelength dependence 
indicate the operation of an alternative mechanism involving the 
generation of a novel mercury carbene in a primary step. A proposed 


reaction sequence is outlined in Reaction Scheme II (Figure 13), 


which shows the formation of [7] in a two-step consecutive photolysis- 


addition sequence and includes at the same time a possible pathway 
for the formation of insertion [8] and mixed insertion-addition [9] 
mercury adducts. The primary step generating mercury-carbene, (23c), 
exhibits a distinct wavelength dependence reflected in the yields 

of [7] which increase from 16.4 to 37.6% with increasing wave- 
length of the irradiation source and a substantial decrease in the 
yields of [1] to [5], i.e. those products derived from primary steps 
(23a) and (23b) involving carbyne formation (Table VIII). 

At this point it appears necessary to consider the 
possibility of secondary photolysis of [7] to give products [1] - [6] 
which have been thus far exclusively attributed to a mechanism 
involving the carbethoxymethyne intermediate. Some decomposition of 
[7] could be realized upon extended irradiation at shorter wavelength 
(A>2100A) ; however, a comparison of yields from the photolysis of 
DMDA and [7] in cyclohexene under the same experimental condition 
[cf. Table X] shows that the yields derived from the photolysis of 


[7] are considerably lower, for the same irradiation time. 
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Furthermore, DMDA is a much stronger absorber than [7] as depicted 
in Figure 14 and henceforth secondary photolysis of [7] in the 
presence of DMDA competes unfavorably with the photolysis of DMDA. 
Thus, the amounts of products obtained in the photolysis of pure [7] 
are the maximum yields possible, and the actual contribution to the 
total yields of addition and insertion products via secondary 
photolysis of [7] is likely very much smaller and in any case not 


sufficient to account for the observed yields. 


Reactions of the EDA radical (N,=C-CO, Et) : The intermediacy of 


the EDA radical which is formed in the photolysis of DMDA via primary 
steps (23b) and (23d), has been verified by direct i.r. monitoring 
of its characteristic product, EDA: 
. H 

(34) N,=C-CO,Et 1H abstr. > N,=C-CO,Et 

During the photolysis of DMDA however, EDA undergoes 
secondary photolysis, producing carbethoxymethylene which upon. 
reaction with cyclohexene yields endo- and exo-addition products in 
the ratio of [2]/[3] = 0.53'° (cf. equation 30). The intermediacy 
of the EDA radical therefore reduces the endo/exo product ratio 
obtained from the photolysis of DMDA. The tendency of increased 
EDA formation with increasing wavelength is reflected in the 
decrease of [2]/[3] from 8.2 to 4.3. 

The fate of the EDA radical is not necessarily exclusive 


formation of EDA via hydrogen abstraction, but one can also envision 
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a mechanism that involves scavenging of the EDA radical by cyclo- 
hexene. The analogous scavenging reaction for the cyclopropyl 
radical [2a], yielding products [5] and [6] (wide infra) was also 
observed in this system. Polymerization of the labile intermediates 
could result via secondary photolysis of the diazo group and an 
undefined sequence of radical reactions, and thus contribute to the 


observed polymeric residue: 


(35) ra e 
Nc cO,Et — aes ~C-CO, Et 


I| 
No 


O)c-co, re + C — oe <--> =polyner 
I 
N C-CO,Et 
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Oxygen-initiated reaction: A further contribution to some 


low [2]/[3] ratios in the decomposition of DMDA is the interfering 
reaction of oxygen which apparently gives high yields (50%) of EDA 
(cf. Table XIII). This dark reaction, once recognized, was naturally 
minimized or avoided by appropriate experimental procedures. By 

use of proper precautions a considerable reduction in EDA yields was 
achieved, resulting in high [2]/[3] ratios. The mechanism for the 
non-photolytic decomposition of DMDA was not investigated further. 
Observations, however, indicated a radical mechanism involving 
autoxidation of cyclohexene and intermediate oxide and peroxide 
radicals. Carbon-mercury cleavage by a free radical pathway is 


inownte 


Other intermediates: The primary step (23c) leading to 
carboethoxynitriles is not considered to play a role in the photolytic 
decomposition of DMDA because, due to the linearity of the carbon- 
mercury bonds in mercurials, the stereochemical arrangement of DMDA is 
unfavorable for one-step intramolecular nitrogen elimination. In 
fact, one can exclude the possibility of this or any similar primary 
step yielding nitrogen-containing compounds like nitriles, pyrazolines, 
or azines that might also result from an intramolecular mechani Sate 
because all the diazo-nitrogen was recovered quantitatively (cf. 


experimental, section 2.5) and no nitriles or any other nitrogen- 


containing compounds could be isolated and identified. 


Summary: The nature and distribution of products formed in the 
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photolysis of DMDA in the solvent cyclohexene, and their dependence 
upon wavelength, temperature and oxygen can be rationalized by 
postulating four types of primary processes (23a-d). Two of these 
lead to the production of carbethoxymethyne and increase in importance 
with increasing photon energy. Carbethoxymethyne reacts with cyclo- 
hexene via insertion and addition and the intervention of this novel 
intermediate as the principal reagent provides the only plausible 

and self-consistent rationalization for the observed characteristic 
products and their yield distribution. Since the reactivity of this 
monovalent carbon intermediate is completely unknown, the investiga- 


tion was extended to include a variety of substrates. 
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Energetically, all outlined processes are feasible within the wave- 

length range used in this study. DMDA exhibits two absorption in 
EtOH 2 ‘4 

the u.v. Deena = 3800A (€ \% 107) and 2640A (€ Vv 22,000) which by 

analogy with diazoalkanes may be ascribed to (m* <« n) and (1* + T) 


transitions respectively.’ 


Irradiation in the (n,1*) region 
apparently leads to the loss of one nitrogen molecule, leading to 


the formation of the mercury carbene, step (23c), ultimately recovered 


as the mercury adduct [7]. It would also appear that at longer 
wavelengths, owing to the relatively long lifetime of the 
energized molecule, the absorbed photon energy is efficiently ran- 


domized and C-Hg bond cleavage can occur selectively. Results 


show that at long wavelengths the mercury-adduct [7] yields and the 
intermediacy of EDA, which involve primary steps (23c) and (23d) 
respectively, are predominant. Finally, absorption in the higher 
energy region (m*,7) leads to simultaneous cleavages of C=N., and C-Hg 
bonds, involving step (23a) and possibly (23b). Unfortunately the 
relative importance of these processes cannot be assessed precisely 
from the data, since the wavelength region of the actinic light is 
not well-defined. It can be stated with certainty however, that 

the processes leading to carbethoxymethyne formation increase with 
increasing photon energy, since the characteristic product ratio 
[7]/(1]+([2]+[3]+[5]+[6] (vide infra) decreases from 7.09 to 0.54 and 


the endo/exo product ratio [2]/[3] increases from 4.3 to 8.4. 
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CHAPTER 4 


PHOTOLYSIS OF DIETHYL MERCURYBISDIAZOACETATE IN 


CIS- AND TRANS-BUTENE-2 


4.1 Results 


ts- and trans-butene-2 were chosen as media for the 
photolysis of DMDA, in order to study in particular the stereo- 
specificity of the addition reaction of carbethoxymethyne. The 
butene-2 isomers are simple in structure, lack a symmetry axis along 
the carbon-carbon double bond, and they have been used in numerous 
investigations to study the mechanism of carbene addition reactions 


Ste The photolysis of methyldiazoacetate, MDA, 


in these solvents was carried out by Doering and Molar: in 1960 who 


for over a decade 


demonstrated that singlet state carbomethoxycarbene adds stereo- 
specifically; a certain degree of stereoselectivity was also apparent 
from the predominant formation of the exo addition product. Since 
similar products were encountered in the photolysis of DMDA, samples 
of EDA were also photolysed in these solvents for comparison studies 
and to assist product identification. 

When samples of 100 mg of DMDA in about 20 ml butene-2 
were prepared for photolysis (cf. Experimental, section 2.3) some 
crystalline DMDA remained in suspension because of its low solubility, 
but dissolved readily during photolysis. Otherwise the observations 


recorded during the photolysis of DMDA in cyclohexene (cf. section 3.1: 
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precipitation of metallic mercury, quantitative recovery of nitrogen, 
wavelength effect of the light source on product distribution, EDA 
intermediacy, and dark reaction in the presence of oxygen) applied 
to this system as well. 

Product characterization after careful evaporation of the 
solvent and general work-up procedure (cf. Experimental, sections 2.3 
and 2.5), was in part assisted by the procedure and results reported 
by Doering and toiece who used a 4 meter didecylphthalate column at 
130°C for the separation of the isomeric addition products. Tempera- 
ture programming and the use of a column with XE60 as liquid support, 


which is intermediate polar like didecylphthalate but allowed higher 


operating temperatures, was found to give the same sequence of elution 


of those products observed and identified earlier, but with improved 
separation. Besides mercury and nitrogen, the following eight 
products were separated and identified in the photolysis of DMDA 


aa) eu : 
butene-2 (R CO.,C.H.): 


[10] CH,-R ethyl czs-4-hexenate 
Nee: (ets-insertion product) 


ae ethyl trans-4-hexenate 
(trans-insertion product) 


[12] ethyl cts-2,3-dimethylcyclopropane-cis- 
carboxylate 
R (a-isomer) 
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ethyl cts-2,3-dimethylcyclopropane-trans- 
H carboxylate 
(B-isomer) 


(Y-isomer) 


R 
[14] ethyl trans-2,3-dimethylcyclopropane- 
H carboxylate 
R 
7 


[15] ethyl butenyl-cts-2,3-dimethylcyclopropane- 
carboxylate 
[16] ethyl butyl-cts-2, 3-dimethylcyclopropane- 
carboxylate 
[17] R diethyl mercurybis-trans-2, 3-dimethyl- 
we] cyclopropane-carboxylate 
R (trans-mercury adduct) 


The retention times (tp), the parent peak (m/e P), and the ten most 
intense mass peaks (m/e) listed in Table XIV were determined 
by combined g.c.-m.s. analysis. 

For the isolation of the various products, the reaction 
mixtures from the photolyses of 0.5 gm DMDA and 1.0 gm EDA in 100 ml 
butene-2 were submitted to bulb-to-bulb distillation (cf. Experimental, 
section 2.1). Products [10] - [16] and [10] - [14] from the photolyses 
of DMDA and EDA respectively were recovered in the fraction distilling 
at 80 - 95°C/0.5 mm Hg. These products were subsequently separated 


by preparative gas chromatography. Upon raising the temperature of 
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the distillation bulb to 175 - 180°C ate 0.5 am mercury pressure a 
heavy colorless oil began Slowly to distill, and upon extended heat- 
ing at this temperature or increasing the temperature, metallic 
mercury was observed, indicating decomposition of a mercury compound. 
In the samples containing trans-butene-2 + DMDA, the heavy distillate 
partially crystallized in the distillation trap and addition of 
methanol facilitated crystallization. The white crystalline compound 
(m.p. 109 - 110°C) was identified as [a7 )%. “ine remaining high- 
boiling fraction was subjected to ms. analysis and found to consist 
mainly of mercury adduct. By analogy with the DMDA + cyclohexene 
system, these adducts are probably of the insertion and addition type; 
it is also likely that small amounts of the isomeric addition 
products (a,8,y) are present. The complexity of this fraction was 
such that isolation of the pure components could not be achieved. 

The molecular weights, M.Wt., as determined by ms. measurements, 

the principal well defined i.r. peaks, and the n.m.r. Spettralotgal) 
isolated products are recorded in Table XV. The analytical data are 
in good agreement with the assigned structures for compounds [10] to 
[17]. The structural distinction between isomeric a and B: saa ieeon 
products, [12] and [13], is based on the application of the principle 
of surface hindrance in catalytic hydrogenation. Ethyl 2,3- 
dimethylcyclopropene-carboxylate prepared by the photolysis of EDA 


in 2-butyne gave predominantly the all-czs products: 
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(36) EDA + CH.-C=¢c-cH. —~”—> +N 
3 3 H A 
R 


platinum 
(37) oxide 
4 Ho catalyst R 


H 
H 


In this method, which has been employed by Doering and Hole for 


the methyl ester analogs, geometry of adsorption determines the 
stereochemistry of the hydrogenated product. Hydrogen from the 
surface of the catalyst adds from the underside to the olefin which 
is thought to assume the favoured conformation of adsorption with 
the ethyl carboxylate group trans to the catalyst surface, thus 
yielding the a-isomer. 

The n.m.r. spectrum for [17] in carbon tetrachloride is 
in agreement with the trans-configuration of the mercury-adduct. 
The spectrum features a triplet at tT = 8.84 for the methyl protons of 
the two carbethoxy groups which collapsed to a singlet when the 
atarcet itt = 5,95 (2) x ~CH,-) was irradiated. Furthermore, there 
were two doublet bands at T = 8.89 (1.4 Hz) and 8.83 (1.4 Hz) which 
were assigned to the methyl protons substituted on the cyclopropane 
ring; the methyl groups which are in the syn-position adjacent to 
the carbethoxy groups are expected to give a downfield chemical 
shift. The two multiplets centered around T = 8.86 and T = 8.24 were 
assigned to the methine protons on the cyclopropane ring. 

Results of the photolysis of 100 mg samples of DMDA in 25 


ml of butene-2 using pyrex filtered light exhibited stereospecific 
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addition of carbethoxymethyne as demonstrated by the relative 

yields for products [10] to [14] which are shown in Table XVI. As 
expected, cts-butene gave as major addition products the a- and B- 
isomers, [12] and [13] respectively, while trans-butene-2 yielded only 
the y-isomer [14]. More detailed quantitative studies with regard 

to the effect of wavelength on product distribution were undertaken 
for trans-butene-2 only. The per cent theoretical yield for three 
different wavelengths are listed in Table XVII (cf. Appendix C for 
individual photolyses and analytical procedure). The data show an 
increase of addition products ([14]+[15]+[16]) with increasing energy 
of irradiating light and at the same time a decrease in the yield 

of the mercury-adduct, [17], a trend that was also observed in the 
cyclohexene system. A solution of [17] in trans-butene-2 showed no 
significant decomposition when irradiated under the same conditions 
and for the same time required to photolyze an equivalent amount of 


DMDA. 


4.2 Discussion 


The great similarities in the nature of the products and 
the effects of experimental conditions on product distributions in 
the photolysis of DMDA in butene-2 and cyclohexene are quite apparent. 
The results provide additional evidence for the intermediate formation 
of carbethoxymethyne, mercurycarbene and EDA, via the three 
primary steps described by equations (23a-d). A proposed mechanism 


for the formation of products [10] - [17] from these intermediates 
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TABLE XVI 


Yields of Products [10] - [14] from the Photolysis 


EDA and DMDA in ects- and trans—-butene-2 


Relative Yields in 


cts—-butene-2 


trans—-butene-2 


Compound 

No. EDA DMDA EDA DMDA 
[10] 10 17 nil nil 
ie Bs nil trace 13 ay 
biz] 19 39 nil trace 
[13] 73 oy nil trace 
[14] nil trace 70 82 
[12]/[13] ras 69 

TABLE XVII 


Wavelength Dependence of the Yields of [14] - [17] 


Ioield. (rheor.) for. A 


° fo) 


>2800A 





Compound >2100A >3200A 
No. (vycor) (pyrex) (uranium) 
[14] 10 2 ih 
Vl} 2 <i al 
[16] z or | 
[lovel 20 34 40 
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is outlined and summarized in scheme III (cf. Figure 15) and 
scheme IV (cf. Figure 16) for the photolysis of DMDA in cts-butene-2 
and trans-butene-2 respectively. 

The wavelength dependence of the three major pathways 
involving carbethoxymethyne, mercury-carbene, and carbethoxymethylene 
from secondary photolysis of the intermediate EDA, is analogous to 
the DMDA + cyclohexene system as shown by the variation in product 
yields. Thus the photolysis of DMDA in trans-butene-2 (c£. Table 
XVII) shows an increase in formation of addition products [14] - [16] 
and decreased yields of mercury adduct [17] with increased energy of 
irradiation, which confirms the increased importance of the primary 
steps (23a) and (23b) (i.e. carbyne formation) as already established 
for the DMDA + cyclohexene system. Therefore one must conclude that 
carbethoxymethyne is the main precursor of the addition products [12] 
- [16] in the photolysis of DMDA at short wavelength and that any 
observed stereospecifity and stereoselectivity in the products must 
be related mainly to this intermediate. 

In stereospecific addition reactions of carbenes with c7zs- 
and trans-olefins the geometric relationship of the substituents is 
retained, and cts-1,2-dialkylcyclopropanes and trans-1,2-dialkylcyclo- 
propanes respectively are produced. Since carbethoxymethyne reacted 
with cis-butene-2 to yield the czs-2,3-dimethylcyclopropane- 
carboxylates [12] and [13] exclusively, and with trans-butene-2 only 
trans-2,3-dimethylcyclopropane-carboxylate [14], this addition 


reaction is also stereospecific. The observed stereospecificity of 
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the addition (cf. Table XVI) confirms the involvement of carbethoxy- 
methyne (:C-CO, Et) in its doublet ground state, since a doublet 

state carbyne is the analog of singlet carbene which has been 

shown to add stereospecifically to double bonds. Quartet state 
carbyne, like triplet carbene, would be expected to yield a mixture 
of cts- and trans-isomers. 

The "stereoselectivity" of the carbethoxymethyne can now 
be compared with the addition of monosubstituted or unsymmetrical 
carbenes which, on the assumption of stereospecific addition to cis- 
butene-2, give two stereoisomers, a and 8, while in the case of 
trans-butene-2 only the y-isomer is obtained, provided the mode of 


addition is He as shown by Doering and Notes for carbomethoxy 
H H 


4 MW 
carbene (:C-C-OMe). This also holds for carbethoxycarbene (:C-C-OEt) 


as pointed out by Skell and poGdwonttion. 


0 
H ] | 
(38) \_ f/f + :C-C-OEt ——— > wh = + i 
y) 
H 


CO,Et 
a-isomer R-isomer 
[12] [13] 
H 
(39) omar ts ae Soereone ——> 
CO,Et 
Y-isomer 
[14] 


and reflected in the synthesis of eas The results obtained in 
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this study for the photolysis of DMDA and EDA in butene-2, i-e,: for 
carbethoxycarbyne and carbethoxycarbene confirm these expectations. 
There is, however, a noteworthy difference in the [12]/[13] product 
ratio (O-isomer/fS-isomer) for the addition reactions with cis-butene-2 
Wuien 1s 0.25 for carbethoxycarbene (0.4 for Dac comecremreer pence?) 
and 0.69 for carboethoxycarbyne (cf. Table XVII). In the case of 
ets-addition of the unsymmetrical carbene a second stereochemical 
choice is available, which leads to endo and exo conformations. They 
correspond to O- and f-isomers in the addition of carbethoxycarbene 
to cts-butene-2, which is believed to be sterically controlled 
leading to the predominance of the more stable B-isomer [13], the 
exo-conformation>’, The observed increase in the d-isomer, [12], 

in the photolysis of DMDA in cis-butene-2 lends support to the 
intermediacy of the cyclopropyl radical, t-.. arising from 
addition of carboethoxymethyne to the olefin as outlined in reaction 
scheme III (cf. Figure 15). The increase in the less stable endo- 

or OG-isomer, [12], can be rationalized by a preferential attack 


on the more exposed side of the radical intermediate in accordance 


with the proposed addition-abstraction sequence: 


CH 
CH, CH, 


CO,Et H 
H-abstr. p H-abstr. 
(40) CH., f Rn ee CO9Et amr Cas 0,Et 
[12] [13] 


Parenthetically this observation parallels the mechanism proposed for 


the cyclohexene system, but the stereochemical route here is not as 


“ek 
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well defined, due to steric factors. 

Further evidence for the intervention of the cyclopropyl 
radical, [Dos is the. occurrence of products [15] and [16] 
arising from the addition of another solvent molecule to the 
initially formed radical and subsequent hydrogen abstraction or 
disproportionation. Analogous reactions have also been proposed 


in the cyclohexene solvent system. 


os Summary 


The products formed in the photolysis of DMDA in czs-—- and 
trans-butene and the wavelength dependence of their yields are in 


good agreement with the results of the DMDA + cyclohexene system and 


therefore can be rationalized by postulating the same primary processes 


(23a-d). Two of the primary processes, (23a) and (23b), lead to the 
formation of ethyl carbethoxymethyne and increase in importance with 
increasing photon energy. 

The observed stereospecifity of the addition reactions of 
carbethoxymethyne with butene-2 confirm the involvement of the 
carbyne in its doublet ground state. 

The stereoselectivity of the carbethoxymethyne addition to 
ets-butene-2 is reflected in increased yields of the less stable 
endo- or a-isomer [12] which, together with the occurrence of products 
[15] and [16], give additional evidence for the intermediacy of the 
cyclopropyl radical, >, and hence conclusively prove the inter- 


vention of ethyl carbethoxymethyne in the photolysis of DMDA. 
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CHAPTER 5 


PHOTOLYSIS OF MERCURYBISDIAZOACETATE 


IN PYRROLE 


5.1 Solvent Properties and Carbene Reactions of Pyrrole 





Cyclohexene and cts- and trans—-butene-2 gave a number of 
characteristic products when used as media for the photolysis of 
DMDA, but were rather poor solvents for DMDA allowing only small 
concentrations to be used for the reaction. Pyrrole, UJ 5 
was found to be a good solvent for DMDA and reasonably Re aren 
in the required low wavelength region. The first absorption band is 
reported to be Saeee 2110A (€ 15,000) with an onset at 2200A ohn 
A weak band at ane 2400A (e 300) is attributed to Coaeietes es 
Such undefined impurities and the tendency of pyrrole towards 
autoxidation, in particular photosensitized autoxidation, have 
probably been the main reasons militating against its use as solvent 
in photolytically produced carbene reactions. However, a few 
catalyst-initiated carbene reactions and accompanying molecular 
rearrangements are known. 


The aromatic heterocyclic compounds furan and thiophen, 


yield erciseeoumen: upon reaction with carbenes: 


H 
\ hv 
(41) lou) + N,=C-R er / 


catalyst 


H 
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H 
H nA 
R 
(42) {/ \\ + Sec higeee oe 
S 


however, catalyzed decomposition of diazo compounds in the presence 
of pyrrole, and its N-methyl derivatives, produces only substitution 

fs. eee ee LH) : oT 
products. Piccinini and later Nenitzescu have shown, for example, 
that the copper-catalyzed decomposition of EDA in pyrrole leads only 
to ethyl O-pyrrylacetate, perhaps by way of an initially formed cyclo- 


propane intermediate: 


H 
H O,Et 
Cu 
? {/ } 2 ‘ ere Catalyst CH,-CO_Et 
N N N 2 2 
! I | 
H H H 


Only pyrroles with a strong electron-withdrawing substituent on the 
nitrogen atom which gives it diene-like properties at the expense of 
its aromatic character, were found to give stable addition products. 


Thus mecter or 


has recently prepared 2,3-homopyrroles and smaller 
amounts of the bishomopyrroles by the CuBr-catalyzed decomposition 


of EDA (also CHAN.) in the presence of N-methoxycarbonyl pyrrole: 


H H 
H R e R 
(44) [/ \ + N,C-R a / ot 
i \ 
] ! 
CO,CH., CO,CH., CO,CH, 


In addition to insertion and addition reactions of carbenes 


with pyrrole, a small, though significant mode of reaction involves 


ring expansion to yield pyridines”’, Thus the reaction of haloform 
and base producing dichlorocarbene when carried out in pyrrole, leads 


to 3-chloropyridine: 


(45) Ol at HCC1., —+> :CC1, + Clibet, H,0 
Cl 
Cl Cl 
:CC1, + / \\ ——+ |/ = fel | ~ 
\e x7 
H H 


Thermolysis of CHCl, leads to improved yields of 3-chloropyridine 


and also small amounts of Peenioroneridine ue 


which may result 
from attack at the pyrrole nitrogen or at the carbon. 

The reactions of pyrrole with carbenes are not fully 
understood but can serve as reference systems for the reactions with 
carbynes. In the addition of carbyne to pyrrole one can envision a 
2,3-homopyrrole radical intermediate which does not need to eliminate a 
group or an ion in order to undergo rearrangement leading to ring 


expansion, and for this reason it was decided to examine the 


photolytic decomposition of DMDA in pyrrole. 


5.2 Results 


The photolytic decomposition of DMDA in freshly distilled 
pyrrole was accompanied by evolution of nitrogen and precipitation of 
metallic mercury, as observed earlier in the cyclohexene and butene 


solvent systems. Completion of the reaction was indicated by the 


oy 
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disappearance of the mercury-diazo band (2075 5) litetne i. vs 
spectrum, and also, quantitative recovery of nitrogen (cf. Experi- 
mental, section 2.5) resulting from the decomposition of DMDA. When 
the extent of photolysis was monitored by i.r. analysis, the 
intermediacy of EDA, which appeared as a separate diazo band (2110 


iy § ; 
cm ), became evident. EDA formation arises from the primary step, 


N,=C-CO,Et 
- 2 hv 2 
(23d) Hg ee Hg + 2N,=C-CO,Et 
N,=C-CO.Et 
Z z H-abstraction 
EDA 


and the extent of its intermediacy during the photolysis is assumed 
to increase with increasing wavelength of the irradiation source, as 
already established for the cyclohexene solvent system. 

The bleaching of the bright yellow colored solution of 
DMDA during the photolysis was not as apparent in pyrrole as in the 
cyclohexene and butene solvents, because of the formation of a dark 
brown polymeric resin which in part precipitated on the wall of the 
immersion well or, when smaller quartz tubes were used, on the wall 
adjacent to the irradiation source. 

After removal of the metallic mercury, which was in all 
cases recovered quantitatively within experimental error, pyrrole was 
removed by flash evaporation at 75°C/¥20 mm Hg. Bulb-to-bulb 
distillation yielded a fraction distilling at 50-75°C/ 0.1 mm Hg. 


consisting of some pyrrole and the following major reaction products: 
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7 












j ae aH 


oF) 


Ny CO5Et 
2 oe 
[18] Cy ethyl pyridine-3-carboxylate 


N 


[19] / ethyl a-pyrrylacetate 
s CH,-CO,Et sea 


Samples of [18] and [19] were isolated by preparative g.c. for spectral 
analysis and identified by comparison with authentic samples. 

Compound [18] was available from Eastman Kodak Co., while [19] was 
prepared by the Cu-catalyzed decomposition of EDA in pyrrole according 
to Newitecscu’-. The predominant i.r. absorption bands as well as 


the n.m.r. spectra for [18] and [19] are reported in Table XVIII. 


TABLE XVIII 


[aremendatiah fe ppectia tor [16] and [191 





Compound 
No. Spectra 
: CcCcl -1 
[18] i Sn) ae (i P/25.Ce e590 Cw) © eb ais be Ca) 
max 
1035 (w) 
Nels Diet (CC1,) 8.61 (t, 7H, 3H); SyGe (ger hes ens 
Qh Ieee: ieee eee) el eeOm, 1i).s 
0.86(s,1H). 
ccl -1 . 
[19] tote. = 0 4 (cm ~) 3461(w); 2960(w); 1750(s); 1248(s); 
max 
860(w) 3 
Nees 1 (CC1,) B70 (tb, oh) sao. 42s, 2h) someon): 


4.0 - 4.2 (complex,2H); 3.48 (m,1H). 
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The use of an analytical g.c. column in conjunction with a flame 
ionization detector made it possible to resolve three further peaks 
which, however, were too small (0.1% of [18]) for collection and 
proper structure assignment, but sufficient for combined g.c. - 
m.S. analysis. The results show one compound [20] with a parent 
peak of m/e 151 and a fragmentation pattern similar to [18] and 
two further compounds, [21] and [22], with parent peaks of m/3 
153. Table XIX lists the ten most intense mass peaks (m/e) including 
parent peak (P) and retention times (t,) for compounds [18] to [22]. 

The dark brown involatile gummy residue of the 
photolysis reaction had a molecular weight of 1435 (osmometric 
determination in acetone) indicating polymerized material which 
incorporated some pyrrole-nitrogen according to elemental analysis 
(C:56.8%4; H;6.4%; N:8.3%) and also some ester function as evidenced 
by the strong carbonyl band at 1725 ena as 

The effect of wavelength of irradiation on the yields 
of products [18] and [19] using three different cut-off filters are 
summarized in Table XX. The absolute yields show a near consistent 
value of 42 - 44% for [18] but an increase in [19] from 4 to 11% 
with increasing wavelength. For comparison, Table XX includes 
results of the photolysis of EDA in pyrrole which had not been 
reported to date. Besides the expected insertion product [19] 
small yields of the ring expansion product [18] were found which 
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were not detected in the Cu-catalyzed decomposition of EDA”. The 


reported value of 8% for [18] includes however, substantial amounts 


100 

















“ CROt a Adew hoe: Mi OS al, phi ee Ss § spent me 
edes. todd “aru Gvleest rr) otadaaon 3% gir ritoaseh” 
bie nobiashing TOIMASh) Ge BWlhvGay Pie. aad: arew vvawod ee 

~ weg Wetedmns, 204 fries ‘ ie Wide| AE ee eee ae eo) 
Jngie0 &wata (9s) Bao tas siti veld e711 a acl? otardsas oem 
hora TRE] Le ry N14 460% wetinonsigeees 6 lie eee Aw, 46 io 


E\i 20. elesq thats duiw > SSd) bow Tee) bb riage Sodtiuti® ows 


7 ey eae 
| 
RN LOU) Oa (oO mS SF posns Feu ie oft areal: 155 aida? Cel 4 
2 : * 7 ra a 
sep cot, (9L) shucoqwes Jolly 2) eens, toes iy] (4 nog auoreg 
wi 


ti fo tnglew qaduseiee a bel “obese ae 


P. ‘ 


feotnyw T Bi mS itu f VigTS 2 2hRt . ( s@oae 22g us co tinaleasaeb 


i be I 3 taps wane SLOT Yn. enoe boaeibqnvadt 
eloirepa ¥ | ee om tet 2£O7Ee4 SCR cals Bre (Re 2948 cy 38.309) f 


Vil "ae roy Tonite guetta. eds. ee 1 


A : r er iv 
eGlgly sans qoiséduysi To- dtenhevad 3d dae tie BAT ani 


Sie Gteirtt t2o-Ie0 top tich sont! aaidy (ei) bee per) women 
Inrbsehends 1690 5 wode-ehtoty svotoada jar wy ghd? att fram . 


415 o3 8 mov [ery nt aotaips nm ud fan x08 ep ta 18 vole 


7 


bined! fe catty nig kaa ot ‘ianadree scar 
git ade baat a1geite mb ads aie 


= : 
a > y-3 ot 





nore 





7 i it cee 
“i ada apnea 


101 


‘oqnutu ted 95 9g a3erMOTyT *9,0LT :wea80zg 

“Yyseu Q9-0€ *M qlosoworzyD uo yOZ xeMOqIeD ZOZ YITM poyoed yout 4/T x 33 € suuNTo) q 
‘eqjnutu red 99 O9 o4ea MoTy ‘aqnutu zed 7 je 9,002 - 0,0”T worzy :wer801g 

“yseu Q9-0€ *M qzosoworzy) uo yOZ eEMOqIED ZST YITM poyoed yout g/T x az GT :uunto9) = 


(6) (8) (6) (2T) (9T) (8) (O0T) Cit) (8) (07) (Ov) 


LZ 8Z 67 Te: €¢ 19 08 T8 60T €ST Cor pe 62 [ZZ] 
(07) (0Z) (08) (22) (8Z) (09) (ZZ) (ST) (97) (O01) =r) 
8Z 6€ ZY €¢ 89 08 Z8 96 60T TIT EST enbe [TZ] 
COL) “€6) (7T) (Ov) (09) (8T) (6) (OOT) (49) (0S) (0S) 
62 cy os TS SL 6L LOT 90T E71 TSS Seay po 82 [07] 
(¢) rad (SS) (OT) KCL) (Z) (9T) (OOT) (Z) (8T) (8T) 
8T LZ 8Z 67 ZE ZS €¢ 08 Tg ecT EST qo YT [6T] 
(9) (OT) (17) (Sc) (ST) (a1) (O0T) (OT) (0S) (oo) (S¢€) 
62 OS TS SL 6L COT 90T LOT €ZT TST TST 30. Le [8T] 
= he he eee 
(qeod aseq Jo ¥ pue 2 /w) (d) (so znutTw) “ON 
o/w q punodmoyg 


al 


[@Z] - [81] si9npozg 20; stsATeuy Teajqoods ssey pue [eotyder8o0jzewory) seg peutquo) 











XIX F1AVL 


art _ Fal 7 
- we : Pa : 

B 
=a te sey Eo fe: aes 
cue ge 6 : ” 





“,ASS}~ (81) exoubory so¥ efagtisniy Les32992 -eeeM bee 


> Cdneq wend 0.2% .t06 aha) 


oe a ee —_oe 





—————— oe 





bo ie br oo.  - Be + oe . 25 Ei 
a. oO, OS) aes A 6 6 (G) 
bi 


be . 
. 


ch. . Bg co. a | ie 3 ig 


<2) TE). 662) ete St CSL) er) es) 


uv ot 2b : - Fol a1 Ps 
it t2) £25) -*Ge} tif) (5. re. one Chr} 


at rt . > ‘ a no > J v. ‘ Wi yi) 
ft) (Bs) toe) (£2) (GSy0 (6a) fae) - dash Gs 


a 
— 
» 
ve 
“x 
— 
_ 
* 
— 
~ 
~ 
ie 
— 
~~ 
ey 
ia 








_ —— a ee ae — = a — — sd = —— 
« 
‘ 
. 
} t ( ce pire a 
desi ie ia . et ai ; as, (a0U Be t 
. 5 i t tie 3 re! » 
e at = a t . 
fr . 


Wasim Uo<0F (.Wedyoremord wo MOS xewod1e) TO oie: bie ie OE 


heer) pas) is 23 Od Jtutwals ! 


en = gee. 
“ 


TABLE XX 


Per cent Yield of [18] and [19] from the Photolysis of 


Precursor 


DMDA 


DMDA 


DMDA 


EDA 


DMDA and EDA in Pyrrole 


Filter’ (A) 


Vycor (>2100A) 
Pyrex (>2800A) 
Uranium (>3200A) 


° 
Vycor (>2100A) 


Per cent 


[18] 


44 
42 


44 


Yield 5 
(Theoretical) 


a) 


11 


18 


* The reported values represent averages from several 
photolysis experiments (cf. Appendix D). 


b Including product [23]. 
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of an uncharacterized solid product, [23], (m.p. 79-80°C) which, like 
[18], could be obtained by crystallization from the fraction isolated 


by preparative g.c. 


5.3 Discussion 


The predominant product of the photolysis of DMDA in 
pyrrole is ethyl pyridine-3-carboxylate [18] which must arise from 
facile ring expansion of a cyclopropyl radical intermediate, [18a], 


to form the more stable pyridine ring system: 


_ £0, Et 
j i. Ce 
(46) N A 
H 
[18] 
[18a] 


The major route of formation of the cyclopropyl intermediate [18a] 
O 

is most probably via carbethoxymethyne, :C-C-OEt formed in the 

photolytic decomposition of DMDA via the primary steps (23a) and 


(23b) (cf. Section 3) and subsequent addition of this carbyne to 


pyrrole: 
Si wanted * 
(23a) te menreomncnemernererny oes KN oh 2N., te 2:C-CO.-Et 
N,=C-CO,Et 
N,=C-CO,Et 5 
Hg ——— He + N, . N,=C-CO,Et cs >C-CO,-Et 
N,=C-CO,Et 
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COLEt 


Sie 
(46) (/ \ f :C-CO,Et eee re / 
N & 


| [18a] 
H 


Another possible pathway for the formation of [18a] could be the 
decomposition of an intermediate mercury adduct arising from the 
reaction of pyrrole with mercury-carbene formed via primary step 


(23c) in the following sequence; 


N,=C-CO,Et :C-CO,Et 
UE ee hi Loe t 
23) le ee Hg ——_——»  [Hg-adduct] 
! 
N,=C-CO,Et N,=C-CO,-Et | 


[18] 


The intervention of mercury-carbene as the primary mode of formation 
of [18] is only possible if the resulting mercury adducts are 
sufficiently unstable to produce [18a] efficiently. However, all 
mercury from the starting material, DMDA, was recovered and no 
mercury adduct could be detected. Furthermore, yields of [18] were 
independent of the wavelength of the irradiation source, while it 
was established for the cyclohexene and butene solvent systems that 
an increase in wavelength resulted in an increase of mercury-adducts 
via primary step (23c). Therefore, carbethoxymethyne is the only 
reasonable precursor to [18]. 

The formation of the insertion product [19] results from 


the reaction of pyrrole with carbethoxymethylene, *CH-CO,Et, which 


q 


eae os ees On, 
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has been shown to arise in the photolytic decomposition of DMDA 
via primary steps (23b) and (23d), subsequent hydrogen abstraction 


and photolysis: 


N,=C-CO,Et 
] : 
(23b) Hg Se N, + :C-CO,Et + N,=C-CO,Et 
N,=C-CO,Et 
Nj=C-CO,Bt 4 . 
(23d) Hg mame -e1 2Noec-CO, Et 
N,=C-CO,Et 
: * H 
(34) N..=C-CO.Et H-abstr. N.=C-CO.Et 
2 2 2 2 
4 EDA 
H hv | 
=C— ——— se  C- 
(30) N,=C-CO,Et :C-CO,Et 
H 
H COE 
| 2 
(47) {/ \\ + :C-CO,Et ———> // 
N 
] 
H 


[19] 


The increased yields of [19] with increasing wavelength of the 


irradiation source are in agreement with the increasing importance 
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of EDA with increase wavelength, shown for the cyclohexene system 
(cf. Section 3.3). 

The possible major pathways for the formation of products 
[18] and [19] are summarized in Bien Scheme V (cf. Figure 17). 
The photolysis of EDA in pyrrole yields some [18] and therefore a 
limited amount of [18] in the photolysis of DMDA may be obtained 
via an alternative route involving the intermediacy of EDA. 

Compounds [20] to [22] were found only in trace quantities 
and lacking sufficient analytical data, the following structure 
assignments and mechanism must be considered tentative. Compound 
[20] has a molecular weight (m/e 151) and a fragmentation pattern 
in the m.s. analysis similar to [18] and therefore is probably an 
isomer of [18]. The pyridine-2-carboxylate arising from the reaction 
of carbethoxymethyne with either pyrrole-nitrogen or the a-carbon of 
the pyrrole is the favoured isomer, because addition across the 
3-4 position of pyrrole followed by ring expansion has not yet been 
observed and reactions of halocarbenes with pyrrole yield only 2- and 


3-substituted pyridine isomers: 


(48) [/ \ + :C-CO,Et aol [/ \ ae are C 
N 


y N COEt 


| 
H H-C-CO,Et [20] 


Compounds [21] and [22] both have molecular weights of 153, and 
could be dihydropyridine isomers formed via ring expansion of [18a] 


and subsequent hydrogen abstraction: 


oor 
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cO,Et 
-CO,Et 
SS 2. He : ™y—-C05Et 
GS Rieree sO) Liiteerengae ON ire 
| | | 
H H 
CO, Et H eos 
CO,Et q-abstr. CO,Et 
(50) {/ 9 -25=4 ey qeaceeai oe alg cere ey 
N 
| | | | 
H H H 
Fowler found similar dihydropyridines to be remarkably erable The 


intervention of aziridines and other bicyclo ring systems can be 
excluded on the basis of n.m.r. spectra of samples containing 


compounds [20] to [22]. 





CHAPTER 6 


REACTIONS OF CARBETHOXYMETHYLENE AND CARBETHOXYMETHYNE 


WITH AROMATIC SOLVENTS 


6... Garbene Reactions 


Opes Photolysis of EDA in Benzene 

In extending the study of carbethoxymethyne to the aromatic 
solvents, benzene and hexafluorobenzene, it appeared necessary to 
review and re-examine the corresponding carbethoxymethylene reactions 
with these solvents. The decomposition of EDA in benzene is one of 
the oldest carbene reactions known. The long series of publications 
started as early as 1885 with the report of the thermal decomposition 
of EDA in benzene by Buchner and Ceceiyees who obtained a mixture of 
esters ("Buchner esters") which appeared to contain as the major 
product a norcaradiene derivative: 


H 


[24] shpat ethyl bicyclo[4,1,0]hepta-2, 4-dienecarboxylate 
(ethyl norcaradiene-carboxylate) 


Pyrolysis of EDA in the presence of benzene (130° - 135°C) yields 


product mixtures which contain at most 20 - 30% of the primary product. 


Although glass lined autoclaves were used, the omnipresent formation 


of diethylmaleate and diethylfumarate, which is a competing process 


ee 99,100 
in the catalyzed decomposition of EDA, can not be eliminated a ° 
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In the photolytic decomposition of EDA in benzene Schenck 


ae a1, 101-103 


also isolated the same "ethyl norcaradiene-carboxylate" 
then believed to be the primary product resulting from the addition 
of carbethoxymethylene to benzene. Investigations of the system 
were, however, greatly impeded by facile thermal and photolytic 
isomerization of the primary product in the work-up procedure and 
the belief in the existence of a norcaradiene type primary product 

, e104 
was not abandoned until the advent of n.m.r. Doering repeated 


Buchner's experiments and found that there are only four "Buchner 


esters" which are the four positionally isomeric cycloheptatriene 


esters: 
= H ethyl cycloheptatriene-7-carboxylate 
[25] bags CO, Et (tropilidene) 
H 
H 
ethyl cycloheptatriene-2-carboxylate 
[26] LO, Ee (a-Buchner ester) 


ethyl cycloheptatriene-3-carboxylate 


20} sD aple (8-Buchner ester) 


[28] OEE ethyl cycloheptatriene-l-carboxylate 
(y-Buchner ester) 


Thus the norcaradiene structure for any of the "Buchner 
‘ Se thik es 
esters" was eliminated, solving for this system what Maier perches 


review and discussion of relationships between norcaradiene and 
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cycloheptatriene ring systems, termed the "norcaradiene problem", 


oo UG 
In 1961 Dauben and Cargill reported photoisomerization of cyclo- 


heptatriene to bicyclo[4,2,0]heptadiene, 


(51) Cx —— [TS 
which further complicated the photolysis of EDA in benzene. 

When the photolysis of EDA (1%) in benzene was re-examined 
in this laboratory using Pyrex filtered u.v. light the yield of 30% 
obtained by Schenck et al. could be increased to 43% (theor.) and 
the primary product [25] was obtained with at least 90% purity. 
However, continued irradiation of this product at shorter wavelength 
resulted in photoisomerisation yielding at least nine isomers which 
were removed from the reaction mixture by distillation at 50°C/0.1 mm 
Hg. They were separated by a 4" x 1/4" g-c. column packed with 10% 
FFAP on Chromosorb W and operated at 100°C and a flow rate, oL, 60 
cc/min. Combined g.c.-m.s. analysis gave, for all isomers, the 
Same parent peak (m/e 164) and the same base peak (m/e 91, tropylium 
ion) and very similar fragmentation pattern i.e. m/e 135 (P-CH.) 5 
m/e 119 (P-O-C,H,) ; m/e 65 (le). Identical observations were made 
when deuterated benzene was used as the solvent in the photolysis 
of EDA, as shown by the molecular and fragment masses of the nine 
deuterated isomers, i.e. m/e 170 (parent); m/e 97 (base peak; m/e 


= . che : rea] 
141 (P CoH.) 5 m/e 125 (P-0 CoH.) ; m/e 69 ( Dw” 
The products [25] - [28] were easily identified by their 
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n.m.r. spectra which are in good agreement with the data reported 


by Linstrumelle in pine Petee 


When the publications by 
Linstrumelle appeared the characterization of the remaining isomers 
was discontinued in this laboratory. Linstrumelle examined the 
various photolytic and thermal isomerizations of the nine products 
and suggested that three additional isomers could be involved Co a 
Reaction Scheme VI, as advanced by Linstrumelle). Although the 


proposed bicyclic and tetracyclic structures [30] - [36] are not 


yet adequately documented supporting evidence for the product 


assignments can be found in the photochemically induced rearrangements 


of bicyclodiene systems reported by Gorman and SUR eee 


h 
(52) ee cen at 
R R 
(R = COOC,H,) 


An additional product of major importance in the heavy 
and viscous residue was the mixture of isomers of carbethoxymethylene 
tetramer. During liquid (column) chromatography, mixtures with 
different ratios of tetramer isomers were obtained which gave an 
osmometric molecular weight determination of 334 (calculated 334 


for C ) and an elemental analysis of 56.01%C, 7.26ZH and 0.0ZN 


16°24°8 
(calculated 55.78%C, 7.02ZH, and 0.0ZN). The mass spectrum consisted 
of the following major peaks, m/e (%): 196 (9), 168 (9), 128 (42), 
103 (1275-99. (20), 98° (10)¢ S710) iS (2G), 71.13) 9) Go ton) 2 


The parent peak, measured by high resolution techniques, is 344.1470, 


nny. 
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REACTION SCHEME VI 


ao” 
~ | 
| EDA 
hv 
R R R 
[29] [25] denen A, [28] 


[26] [27] [30] 


R ESS Se 
[31] [32] [33] 
Ror R i 
R 
[34] [35] [36] 
(R is CO,C,H,) 


FIGURE 18. 


14.3 
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which is in good agreement with the calculated value of 344.1471 
for Cy gH, %: The i.r. spectrum showed prominent peaks at 1726 
erapi7ll cn - (4, p-unsaturated ester), 1660 cm + (RO-C=C-CO-), 1205 
at (enol ether) 1125 cm? (alkyl ether). 

The n.m.r. spectra are complex and indicate that the 
samples are composite mixtures. The methine protons show several 
different resonance absorption in the region T 3.3 - 5.0, the 
methylene protons different quartets in the region T 5.7 - 6.3, and 
the methyl protons superimposed triplets at tT 8.9 - 8.5. The main 
feature of all the different mixtures is the constancy of the 
methine, methylene and methyl proton ratios, being 1:2:3, respectively. 
This and the analytical data in general are consistent with the 


structure postulated by Schenck and ee eae 


H 
CH.CH.0 ° CCO CH CH [37] 
oe Fa eas 
CH3CH.,CO,C OCH,CH, 
| eras 


H 


who reported the formation of carbene tetramers (55% theor.) in the 
photolysis of methyl diazoacetate in benzene and achieved separation 
of four stereoisomers fitting this general formula. 

Schenck and Ritter! 9 proposed the following mechanism 


for tetramer formation: 
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RDA et scHCo. Et 
2 2 
:CHCO,Et + ——> EtOCH=C=0 
(53) EtO 4H 
EtOCH=C=0 + :CHCO.Et > Yor 
v3 bg 
EtOCH=C=0 + EDA eee Vee 
2 


| 
0 


\ dimerization 


[37] 


In view of the high reactivity of ethoxyketene + its addition to EDA 
could possibly occur in the dark, with the simultaneous extrusion of 
nitrogen, 

From this study, combined with published results, it is 
evident that the photolytic decomposition of EDA in benzene with 
light of wavelength \>2800A produces mainly tropilidene, [25], 
while at shorter wavelength facile isomerization of the primary 
product [25] occurs to give products [26] - [36]. Finally, about 
50% of the produced carbethoxymethylene contributes to the formation 
of the tetramer [37] in competition with addition to the solvent 


benzene. 


= ag OA Photolysis of EDA in Hexafluorobenzene (HFB) 
It has been shown by ehleaee and independently by jonelaa 
in 1968 that divalent carbon radicals add to hexafluorobenzene (HFB). 


fouesiae observed that cyclopentadienylidene reacts with HFB 
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according to the equation 


(54) mer ey =): HEB Ox] 


M6 


Simultaneously, pele a found that the thermolysis of bts(tri- 
fluoromethyl)diazomethane in HFB gives perfluoro-1,1-dimethyl-2,4,6- 


cycloheptatriene, 


to.) (CF) ,C=N, + HFB ———— +N 


which on photolysis isomerizes to perfluoro-2,2-dimethyl-bicyclo[3, 


TS, 


CF. =o 


2,0]hepta-3,6-diene, 


Gale also investigated the photolysis of ethyldiazo- 
acetate (EDA) in HFB and isolated one product, namely ethyl-2,3,4,5,6,7- 
hexaf luoro-2,4,6-cycloheptatriene-carboxylate [38] in 16% (theor.) 


yield: 


0 H 
I! hv = 
EtOCCHN, ———» 
2  4HFB 
(56) =. 
COREE 
F 2 
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177, 
Re-examination of Gale's experiments yielded, in addition 
to the primary product [38], at least eight isomeric CIF HCO,Et 
compounds [39] - [46], diethyl fumarate [47], diethyl maleate [48], 


and carbethoxymethylene tetramer [37]: 


[38] H ethyl 1,2,3,4,5,6-hexafluoro-cyclohepta- 
CO,Et triene-/-carboxylate 


[39] ethyl 1,3,4,5,6,7-hexafluoro-cyclohepta- 
CO Et triene-2-carboxylate 


ethyl 1,2,4,5,6,7-hexaf luoro-cyclohepta- 
Je ns6)-00, Et triene-3-carboxylate 


ethyl 2,3,4,5,6,7-hexafluoro-cyclohepta- 
ivehs) a@ sar ial triene-l-carboxylate 


F 

F F 

[42] ae ethyl 1,2,4,5,6,7-hexafluorobicyclo[3,2,0] 
port hepta-3, 6-diene-3-carboxylate 

F 
i ethyl 2,3,4,5,6, 7-hexafluorobicyclo[3,2,0] 
[ se hepta-3,6-diene-1l-carboxylate 

co oEt 


[43] ,[44], [46] 
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H 
: << pease 
[47] Pera diethyl fumarate 
CO,Et H 
2 
a o 
[48] ase diethyl maleate 
CO,Et CO,Et 


Distillation of the reaction mixture after removal of HFB at 50°C/100 
mn Hg gave a fraction containing products [38] - [48], while the 
residue, a brown viscous liquid, contained the tetramer [37], which 
was isolated and characterized as described above (cme Ssertion 6.1ad). 
The distillate containing the products [38] - [48] was chromatographed 
using 2 15"\x 1/8" column-packed with 122 XE-60 on Chromosorb Wand 
the isomeric product composition was deduced from g-c. coupled with 
mass spectrometric analysis. They all show parent ions at m/e Pa Gel 
peaks at m/e 244 (P-C,H)); 227 (P-EtO) and 199 (CIF (H), Pablessk iG. 
Thus, while it was possible to obtain resolution for g-c. coupled 
mass spectrometric analyses of the nine isomers, separation by 
trapping from the effluent could be achieved only for three of the 
isomers, [38], [42] and [45] owing to thermal instability. 

Product [38] was identified by its mass spectrum, Table 


XXI and n.m.r. spectrum, Table XXII which are in good agreement with 
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112 
those reported by Gale . A cycloheptatriene structure for this 


product is also supported by the u.v. spectrum depicted in Figure 19, 
with the onset of absorption at 3600A and with three distinct 
maxima at \ot" 2650A (€ 4422); 2300A (€ 5030), and 2100A (e 7214). 
Consistent with this structural assignment is the g.c. retention 
time. Using an XE-60 on Chromosorb W column which separates primarily 
according to the number of double bonds in the molecule, the retention 
time of [38] was the longest among the nine isomers, 15.6 min. 

The minor products [39] - [41] with g.c. retention times 
of 13.1, 11.7 and 9.6 minutes are probably isomeric Buchner acid 
esters. 

Products [42] and [45] have shorter retention times 
suggesting that they contain fewer number of olefinic bonds. On 


the basis of their n.m.r. spectra, Table XXII, products [42] and 


[45] are assigned the bicyclohexadiene structures 


F 
Pere re 
F er \)-CO9Et, 
me Et CO,Et . ie 
[45] [42] 


respectively. 


For [45] the observed chemical shifts of +165 and +175 ppm 
are in agreement with the predicted value of +175 ppm for the cycio- 
butenyl fluorines as and age The four additional observed 


multiplets centered about 120, 125, 136 and 155 ppm can be assigned 


to the four vinyl fluorines. Limited information could also be 
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obtained from H F “-decoupling experiments. Good decoupling was 


noted in four cases with J = 20,cps, J 


FH M20. 02CUe ssl = 4 cps 


PH FH 


and Jy a 2 cps. The u.v. spectrum reproduced in Figure 20 
a 


° 
features an absorption onset around 2800A and two distinct maxima 


me , EtOH 
max 


1920A (e397 2)eand 2500A (€ 3377). The simplicity, lower 
intensity and blue shift of this spectrum as compared to that of [38] 
are compatible with the proposed bicycloheptadiene structure for [45]. 

The n.m.r. spectrum of isomer [42] again shows chemical 
shifts at 172 and 174 ppm which are indicative of the presence of 
two cyclobutenyl fluorine atoms, and thus of a bicycloheptadiene 
structure. Four additional multiplets also.occur. These aré-listed in 
Table XXII. oe? spin-spin decoupling showed only two apparent 
effects. For more detailed analysis F-F spin-spin decoupling would 
be required. 

Some of the product yields obtained in irradiation using 
three different cut-off filters are listed in Table XXIII. The 
results indicate that the primary product is [38] and that secondary 
photoisomerization of [38] increases with decreasing wavelength of 
irradiation in a similar fashion as with its unfluorinated analogue, 
Beye teioh eneatrt eoe-Gachowy ete which has been studied exten- 
sively for several decades. As recently summarized by ia hetramel legen 
not only Buchner acid esters, but also bicyclo and tetracyclo isomeric 
products have been identified or proposed in the latter reactions. 


The secondary photoisomerization of [38] to [42] and [45] 


has been confirmed by photolyzing pure [38] in a HFB solution under 
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TABLE XXIII 


Product Yields from the Photolysis of EDA in HFB* 


[38] [42] [43] [45] [47] [48] 





Irradiation 
Filter time (hrs.) % Theoretical 
a ae 3 ih RH eh a ar are 
pusauae 2 S¥00, Phe gueatosy: af 19 Jeetliore peeont 
ocak 2 (egret) Geen? Gow elb, ames ain. 0 
* 


Solutions of 2% EDA in HFB were irradiated at 15 - 18°C 
temperature and analyzed by g.c. (column: 12% XE 60 on 
Chromosorb W, 30 - 60 mesh; program: 100°C i’/min., 130°C 
at a helium flow of 50 ccm/min.). 
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Similar conditions as above, using quartz filtered radiation. The 
two major products observed were [42] and [45]. The isomerization 
is most likely initiated by photoexcited HFB since most of the light 
at wavelengths below 2900A is absorbed by the HER? Photosensi- 
tized reactions of HFB have been noted previously /+>>116 | 

Orbital symmetry arguments indicate that photochemical 
[1,7] suprafacial sigmatropic migration reactions are allowed in 
cycloheptatriene!+/>118 Therefore the presence of a methine proton 
in the perfluorocycloheptatriene System permits single and consecutive 
[1,7] suprafacial, Ssigmatropic hydrogen shifts which can explain the 
photorearrangement of [38] to the isomeric Buchner acid esters [39] - 
[41]. Another major mode of photochemical transformation of cyclo- 
heptatrienes in solution is photocyclization, which accounts for 
such valence isomers as bicyclo[3,2,0]hepta-3,6-dienes, i.e. [42] 
and [45]. 

The ratio of valence tautomerization to [1,7] hydrogen shift 
is known to be sensitive to the type of substituents in the cyclo- 
heptatriene 2s Besietotty which in the present case seems to manifest 
itself in the predominance of isomer [45]. It also should be noted 
that the formation of bicycloheptadiene from cycloheptatriene 
constitutes a photoisomerization reaction which resembles dimerization 
of olefins to give cyclobutane derivatives and examples of such 


valence tautomerization have been shown to involve singlet excited 


states r<0? 141, 


Thus, the major steps occurring in the photolysis of HFB 


solutions of EDA may be summarized by the following sequence: 
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C57) EDA + hv — N, + :CHCO,Et 
HFB + hv —  HFB* 
iN a ei deb :CHCO,Et + HFB 
—, H 
:CHCO.Et + HFB —- —s || 
2 [38] 
2 CO,Et 
6 
CO.E co 7kt SO Et 
[38] or — a t Yn 1 
[39] - [41] 
hv |e: HFB* 
: F r F fo oR F 
Vv 
bodes jana eerie Len eaves 
satus diag FoF CO,Et 
[42] [45] 


The appearance of the fumarate and maleate esters ina 
photochemical system is a novel phenomenon since they have been 
observed before only in catalytic and thermal decompositions of 


iy) Sota eas These dimers of carbethoxymethylene may arise from 


do, : : : 
the attack of the carbene on EDA or from dimerization of the 
é 124 : : 
carbene. Zimmerman et al. report olefin formation for the decom- 
position of dimesityl diazomethane via triplet carbene dimerization. 
They postulate that due to severe steric hindrance and consequent 


resistance to external attack by solvent, triplet carbene concentra- 


tion builds up until dimerization can occur. Formation of triplet 
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carbethoxymethylene in the present system via triplet HFB sensitiza-— 
tion appears unlikely since the combined yield of [47] and [48] 

is independent of the wavelength of irradiation, because below 3000A 
the principal absorber is HFB and the decomposition most likely 
becomes photosensitized. It is, however, possible that triplet 
carbene is formed not ina primary step but via relaxation of 
singlet excited carbene by the solvent HFB. This way, a constant 
yield of triplet carbene and its dimerization products can result 
independently of wavelength or mode of primary step. Against this 
militates the observation that neither photolysis nor triplet benzo- 
phenone sensitized photolysis of EDA in benzene afford detectable 
amounts of fumarate or maleate. 

Analysis of noncondensable gases evolved during the 
photolysis showed the presence of carbon monoxide in 2% (theor.) 
yield. This suggests formation of ethoxyketene via the Wolff 
rearrangement of singlet carbethoxymethylene and its subsequent 


photedecoiposipiont77 34+". 


(58) Et0, CCH ———> EtOCH=C=0 Eo EtOCH + CO 


The formation of the ketene and the dimeric tetrameric 
carbene structures signals the slowness of the addition of 


carbethoxymethylene to HFB. 
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6. Carbyne Reactions 


Otek Results of the photolysis of DMDA in benzene 


Because there is ample evidence for photoisomerization of 
products in the photolytic decomposition of EDA in benzene at 
wavelengths less than 2800A, the photolysis of DMDA was carried 
out with Pyrex filtered light (4>2800A). Solutions containing 
0.5% DMDA were irradiated in the immersion well assembly to comple- 
tion (3 hrs), as indicated by bleaching of the yellow color, 
subsidence of the evolution of molecular nitrogen, and complete 
disappearance cf the diazo band in the i.r. spectrum. After 
removal of metallic mercury which was recovered nearly quantitatively 
(v$0%) and evaporation of benzene, a viscous dark-brown residue 
remained and attempts to fractionate by high vacuum distillation 
(200°C/\0.1 mm Hg) were unsuccessful. However, gc. analysis of 
the reaction mixture using a FFAP or SE-30 column afforded small 
amounts of ethyl cycloheptatriene-carboxylate isomers [24] and [28] 
which were identified by comparison with g.c. retention times and 
m.s. analysis of standard samples (cf. section 6.1.1). Using 
multiple t.l.c. techniques (20 x 20 cm glass plates with 1 mm Silica 
Gel layer) and benzene as solvent it was possible to separate the 
total reaction mixture into eight bands. The isolated bands 
consisted of mixtures of products having ester groups (i.r. 1700 emi; 
n.m.r. superimposed triplets at T 8.6 - 8.8 and quartets at T 5.7 - 
5.9), which were difficult to identify without further separation and 


purification. The first band (12% wt) was enriched in the products 
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[25] and [28]. Analytical data (Tables XXIV and XXV) of the next 


major band (28%) gave ample evidence that it consisted mainly of 
a mixture of compounds having molecular weights of 248 and 326 


and the general formulae: 


[49] Ie i 00,80, benzene di(carbethoxymethyne) adduct 


O,Et 


[50] }|{ ethyl cycloheptatriene-carboxylate 
dimer 


While attempts to isolate and purify [49] for structural assign- 
ments were unsuccessful, it was possible to obtain from the dimeric 


product [50] one crystalline compound (m.p. 120-122°C): 


CO,Et 
| ey Sas diethyl bicycloheptatriene-1,1- 
[50a] | di 
Noe icarboxylate 
CO,Et 


The structure assignment was assisted by decoupling experiments on 
the n.m.r. spectrum (Table XXIII). Irradiation of the ring juncture 
protons at T 7.91 effected decoupling of the olefinic protons at 

t 4.71 only, while irradiation of these protons affected the ring 
juncture protons at T 7.91 and also the olefinic protons at T 3.6/7. 
Hydrolysis of the cycloheptatriene-carboxylate dimer [50] with 102% 


ethanolic potassium hydroxide gave the solid diacid (m.p. 165-175°C), 
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OOH 


[50b] | bicycloheptatriene-dicarboxylic 
= acid 
COOH 
which is probably a mixture of isomers as indicated by the wide melting 
point range and the complex nature of the n.m.r. spectrum. Experiments 


with deuterated benzene gave products analogous to [49] and [50], 


with molecular weights 254 and 338: 


D6 
[51] (C-CO,Et), d,-benzene di(carbethoxymethyne) 
Z 4 
adduct 
CO,Et 
[52] ethyl d-.-cycloheptatriene- 


carboxylate dimer 


CO,Et 


Photolysis of a more concentrated (3%) suspension of DMDA 
in benzene yielded the following products in addition to those 
described above, 

CO5Et 


[53] ethyl benzoate 


[54] Et0,C-CO,Et diethyloxalate 
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of which the yield of [54] was markedly increased in the presence 
of oxygen. 

The intervention of unstable mercury intermediates was 
evidenced by continued precipitation of metallic mercury during the 
work-up procedure and also by characteristic patterns of mercury 


fragment ions in the mass spectrum of the reaction mixture. 


eager Results of the photolysis of DMDA in hexafluorobenzene 


The irradiation of a solution of DMDA (0.3% wt) in hexa- 
fluorobenzene was carried out with Pyrex filtered light to avoid or 
minimize photoisomerization. After complete photodecomposition of 
DMDA (1 hr) only 52% of the mercury was recovered as metallic mercury. 
An insoluble flocculent precipitate formed during the photolysis 
which, after separation and drying, gave a yellow solid (14%) which 
decomposed above 200°C. Analysis indicated that it was a polymeric 
organic material containing mercury and fluorine (C: 23.34%; H: By 20m 
Evol. 3/25 He: 465907). "After evaporation of hexafluorobenzene the 
total liquid product (48%) was distilled at 100°C/\0.1 mm Hg to yield 
colorless liquid (20%) which consisted mainly of the products [38] - 
[48]. These products were also detected in the photolysis of EDA in 
hexafluorobenzene and therefore were characterized in the same fashion 
(cf. section 6.1.2). However, g-c. analysis on the XE-69 column 
indicated the presence of several additional products in smaller 
quantities which were eluted immediately following products [38] - 


[48]. One compound (2-3% of the distillate) could be isolated and 
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identified as: 


lI li 
[55] EtO-C-C=3C-C-OEt diethyl acetylenedicarboxylate 


The g.c. retention time, the ms., is, , 800 D..r. spectra for [55] 
were identical with those of a standard sample (K&K Laboratories, 
lot #55190) and with published dacase 

The involatile gummy residue (27%) contained some metallic 
mercury which was formed during the distillation indicating the 
presence of a pieaiciks unstable mercury intermediate. Organically 
bonded mercury was also evidenced by the fragmentation pattern of the 
mass spectrum and the elemental analysis (C: 28.54%; H: 2.21%; F: 3.16%; 
Hg: 33.77%). The presence of the carbethoxy group was shown by 
thesi yore (1700 or) and n.m.r. spectra (superimposed triplets at 


Tt 8.65 — 8.85pand ‘quartets at t 5.60 -:5.80). 


Compounds analogous to [49] and [50], i.e. 


; hexafluorobenzene di(carbethoxymethyne) 
[56] Ic ar 00,80, ee 


ethyl perfluorocycloheptatriene- 


157} carboxylate dimer 





were not isolated but are probably present since the m.s. of the 
residue showed parent ions corresponding to [56] and [57]. 


In sumaary, the photolysis of DMDA in hexafluorobenzene 
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yields [38] - [48] (which are also found in the EDA + hexafluoro- 
benzene system), [49], ethyl cycloheptatriene carboxylate dimer ([50]), 
diethyl acetylenedicarboxylate [55], and an undefined mercury 
intermediate; the formation of [56] and [57] could not be established 


with certainty. 


ba2.5 Discussion 


Although the aromatic solvent -DMDA reactions present a 
relatively Renalee evaron due to thermal and photolytic instability 
of the products, they nevertheless yielded results which are in 
agreement with the observations made in the cyclohexene, butene, 
and pyrrole solvent systems, and therefore support and complement 
this work. 

Of particular importance is the intervention of the cyclo- 
heptatrienyl radical [25a] which manifests itself through the forma- 


tion of the cycloheptatriene dimer [50]: 


cO,Et 
[59] » Ce, i‘ —— 
CO,Et 
[25a] [50] 


The radical [25a] in turn results from the addition of carbethoxy- 


methyne to benzene, 


CO 
(23a,b) ; a : 


50> CG) iC CO,Et 


(60) DMDA + hv 9 D 
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or, in part, depending on the photon energy of the actinic light 


from the addition of mercury-carbene to benzene: 


?C-CO,Et 
(23c) | 
Le) UD SBT NS Sag 9 ems ad AN He ———> [Hg adduct] 
| 
NjC~CO,Et 
hv 
—————— 
cO,Et 
[25a] 


Neither the photolytic decomposition of DMDA via primary step (23d) 


nor intermediacy of EDA can lead to the formation of [25a]; only [25] 


can be formed as the primary product: 


: a 
(23d) N,C-CO,Et H-abstr. N,C-CO,Et 


Peale) : 


N,C-CO,Et + hy ——» :C-CO,Et —————» 
CO5Et 


(62) DMDA + hy 


2 2 Z 


[25] 


Besides dimerization, [25a] may undergo hydrogen abstraction to give 


products [25] - [36]: 


H 
(63) ~co,pt SPStre, Seas 
CO,Et 


[25a] p25) 


The fact that dimerization of [25a] can compete in this solvent with 
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H abstraction must be due to the reduced availability of hydrogen 

for abstraction, i.e. the carbon-hydrogen bond is relatively strong 
in benzene and the ethyl group of the starting material DMDA is 
present only in low concentration (0.5%). In the case of hexafluoro- 
benzene as solvent the ethyl group in DMDA is the only source for 
hydrogen abstraction. 

A third possible reaction pathway for the cycloheptatrienyl 
radical [25a] is combination with mono-, di-, or trivalent carbon 
intermediates such as carbethoxymethyne, mercury-carbene, and the 
EDA radical, N,CCO,Et, to yield product [49] either directly or 


after secondary photolysis: 


C-CO,Et 
(64) *-cO,Et + :CCO,Et cu aac CO,Et 
(25a] [49] 
:CCO,Et 
| hy 
+ Hg —_—_——> [Hg adduct] ——~> [49] 
N,CCO,Et 
; er it 
+ N,CCO,Et as TG [49] 
00.Et 
No 


This reaction sequence is only speculative since the structure of 
[49] is not known. There is some evidence however, that [49] is a 


cyclo-octatetraene derivative, 
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[49] Senet diethylcyclooctatetraene 


dicarboxylate 
cO,Et 

Thus, the occurrence of ethyl benzoate [53] in the DMDA + benzene 
system and of diethyl acetylenedicarboxylate [55] in the DMDA + 
hexafluorobenzene system support the cyclooctatetraene structure for 
[49] since thermal and photolytical decomposition of cyclooctatetraene 
has been reported to give benzene and eet lene oe 

The formation of product [55] need not necessarily involve 
an aromatic solvent molecule but could result from an intermolecular 


reaction of DMDA intermediates with DMDA followed by intramolecular 


rearrangements and photolysis: 


l 2 twos 
N,C-R N,,C-R H H 
(oo) oe + ie ie tea ws ——> ~R-C=C-R ———~> 
ea i Gye | 
:C-R N,C-R No He He 
| | 
N,C-R N,C-R 


R-c=cork + 2N,CR + 2Hg 


[55] (-R is ~CO,C,H.) 


Dimerization of carbethoxymethyne could also lead to [55] 
but this is somewhat unlikely. The suggested mechanism that leads to 
the formation of the observed products is summarized in Reaction 


Scheme VII (Figure 21). Due to the instability of the primary 
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products in the photolysis of DMDA in hexafluorobenzene and the 
tendency 3 intermediates to polymerize, the results are incomplete 
and hence do not allow the assumption of a similar reaction scheme 
for this system. 

It is assumed that oxygen is involved in the formation 
of diethyl oxalate [54] because the yields increased when no attempts 
were made to exclude air. However, the effect of oxygen on the decom- 
position of DMDA in benzene was not investigated further and there- 
fore the mechanism for the formation of [54] and possibly [53] 


involving oxygen can only be alluded to. 
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suitable experimental conditions for the generation of carbethoxy- 


methyne by the photolysis of diethyl mercurybisdiazoacetate, DMDA, 


CHAPTER 7 


SUMMARY AND CONCLUSION 


A systematic study has been undertaken to establish 


and to examine its chemical properties in a variety of substrates 


by means of product characterization. 


linkages, C-N. and C-Hg, which can be broken simultaneously and 


also individually leading to mono-, di-, and trivalent carbon 


intermediates via the four postulated primary steps: 


(23a) 


(23b) 


(23c) 


(23d) 


sete be 


Hg 


N,=C-CO,Et 


Pe ee ae 


Hg 


| 
N,=C-CO,Et 


os fee oe 


Hg 


| 
N,=C-CO,Et 


Sit 
Hg 


| 
N,=C-CO,Et 


dye Beat 2:C-CO,Et 


+ Hg + :C-CO,Et + N,C-CO,Et 


oh) > N 2 2 2 


2 


>C-CO,Et 


tN ees 


2 
NjC-CO, Et 


+ hy-—+Hg + 2N,C-CO,Et 


The first two of these primary steps produce carbethoxy- 


methyne and increase in importance with increasing photon energy. 


DMDA has two extremely labile 
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The main feature of the reaction of carbethoxymethyne with cyclo- 
hexene and hence the key argument for carbyne formation, is the 


involvement of the cyclopropyl radical [2a], 


[2a] 


which is unequivocally demonstrated by the high endo/exo 


addition product ratio which results from hydrogen abstraction by 


H 
CO, Et CO,Et 
cO,Et 
H-abstr. 
ol 


[2a] [2] 


[2a]: 


Further evidence for [2a] is the formation of 
CO,Et 


CO,Et 
cae and 
[5] [6] 


In the addition reaction of carbethoxymethyne to butene-2 
the intermediacy of a cyclopropyl radical [12a] is evidenced by the 


increased yield of the less stable all-cts or a-isomer, [12] 


. . H-abstr. 
\ohet/ + ean fi hah meme [econ ee 


[12a] [12] 
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and also by the presence of products 


and 


H Cele COSLE 
27 7 CO, Et i8g ‘ 


[15] [16] 


which are formed by the reaction of [12a] with solvent. The pre- 
dominant product of the photolysis of DMDA in pyrrole is ethyl 
pyridine-3-carboxylate [18] which is derived from the addition of 


carbethoxymethyne to pyrrole to form a cyclopropyl radical inter- 


mediate [18a] followed by facile ring expansion: 


£0, Et 
Sy 00,Et 
/ \\  +:¢-co jEt —— | a 
N 


ul bbs we pchBal [18] 


The characteristic intermediate formed by the eee of carbethoxy- 
carbyne to benzene is the cycloheptatriene radical [25a] which is 


evidenced by its dimer [50]: 


co, Et 
[25a] [50] eo 


The observed stereospecificity of the addition reaction 
of carbethoxymethyne to ctis- and trans-butene-2 is characteristic for 
doublet multiplicity of the monovalent carbon species in analogy to 


the well established singlet carbene addition reaction. The carbynes 
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were also observed to undergo insertion reaction with the allylic 
C-H bonds of cyclohexene and butene-2, and the C-H bonds of pyrrole, 
which is a reaction common to singlet carbenes. 
Divalent carbon intermediates were observed and characterized 
by the formation of stable mercury adducts from a novel mercurycarbene 
via primary step (23c). The extent of the mercurycarbene reaction 


in cyclohexene and also in trans-butene-2 was assessed by the yields 


of 


CO,Et 
and Poti respectively. 
COjEt CO5Et 


ail fay 


The intermediacy of an ethyl diazoester radical, N,CCO,Et, 
was verified and also measured by direct monitoring of its 
characteristic product, ethyl diazoester, N,CHCO,Et. 

After having recognized and quantitatively assessed the 
extent of the primary steps (23a-d) in the photolytic decomposition 
of DMDA in olefinic and aromatic solvents, it is concluded that the 
intervention of a monovalent carbon intermediate has been established, 
and that the extent of such carbyne intermediate can be estimated by 
the yields of the characteristic addition products. Such products 
arise from the addition of carbyne to the T system of unsaturated 
bonds in olefins and aromatics followed by either hydrogen abstrac- 


tion, loss of hydrogen, scavenging by the substrate, or dimerization 


of the intermediate radicals. 
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Secondary photolysis of primary products, especially in 
aromatic solvent systems yielded a complex reaction mixture and 
complicated product characterization and interpretation of results. 
Therefore, the experimental conditions and the nature of the 
precursor must be planned carefully for future work and the solvents 
will have tc be chosen judiciously in order to minimize the extent 
of primary steps which lead to divalent and trivalent carbon 
transients and to avoid photoisomerization of primary products. 
Solvents are required which are transparent in the required wave- 
length region (>2100A) and also dissolve DMDA readily and at the 
same time yield photostable and characteristic products. Since 
such solvents, owing to the poor solubility of DMDA, are limited 
it would be advantageous to modify the structure of the metal 
diazoester in a way that its solubility and volatility would increase. 
This would allow gas phase studies and a larger variation in the 


choice of reactants and kinetic parameters. 
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APPENDIX A 
Quantitative Determination of [1]-[7] 


For the quantitative determination of compounds [1]-[7] 
a series of samples was irradiated at 18°C in quartz tubes (16 m 
diameter) containing 0.1 gm DMDA per 20 ml cyclohexene and also in 
the larger immersion vessel assembly containing 0.8 gm DMDA in 200 
ml cyclohexene. After complete decomposition of DMDA, removal of 
metallic mercury, and partial removal of the solvent by flash evapora- 
tion the volume of the total reaction mixture of each sample was made 
up to 1.0 ml and 10.0 ml respectively with cyclohexene. Aliquots of 
these stock solutions were then analyzed by comparison of g.c. peak 
areas with standard solutions of the purified compounds [1]-[7] in 
cyclohexene. It was assumed that the g-.c. detector response would be 
identical for the isomers [1]-[4]. The standard solution used for 
analysis of [1]-[4] contained 5.95 x 10-7 M/Ttr. of [3}3 that for {5] 
and [6] contained 2.53 x 10a2 M/ltr. of [6]; and the one for [7], 
1.05 x 107 M/ltr. of [7]. 

A summary of yield data for various photolyses including 
type of photolysis cell used, filter, and irradiation time is given 


in Table XXVI. 
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APPENDIX B 
Calibration Procedure and Method of I.R. Measurement 


Concentration measurements of DMDA and EDA in cyclohexene 
were made with the PE-421 i.r. instrument using the sharp infrared 
diazo bands at 2075 ee and 2110 a for DMDA and EDA respectively. 
The instrument was operated at a very low scan rate (position 16) 
and an expansion of 100°A per 8 cm (linear scale). Calibration curves 
for EDA and DMDA were prepared by measuring the peak heights of the 
corresponding diazo bands for solutions containing known amounts of 
the two diazoesters. (cf. Table XXVII and Figure 22) 

Baseline adjustments were necessary during the i.r. measure- 
ments of photolysed samples due to the fogging of the sodium chloride 
windows of the i.r. cell by precipitated mercury and increasing 


opacity of the solution owing to a suspension of metallic mercury. 
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TABLE XXVII 


Concentration and Absorbance Measurements for EDA and DMDA 


_—— 


EDA DMDA 
Calibre tion Concentration Absorbance Concentration Absorbance 
Point M/1 x 1073 M/1 x 1077 

us 1.05 Ocil 220 0715 
2 1.45 -16 4.0 - 26 
3 2u2o ay se 6.0 34 
4 2.80 28 8.0 ~45 
5 2¢00 i 10.0 es, 
6 3.30 oe 12.0 . 66 
7 4.50 ~43 

8 5.80 -2402 59) 

9 7,05 ler 
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APPENDIX C 
Quantitative Determination of [14]-[17] 


A series of samples containing 0.1 gm DMDA per 25 ml 
trans-butene-2 was irradiated at 18°C using a quartz tube (16 mm 
diameter) and three different cut-off filters (Vycor, Pyrex and 
Uranium glass). After removal of the solvent at 0°C and of metallic 
mercury, the volume of each reaction mixture was made ip towels. Oil 
with chloroform. For quantitative determination by g.c. the peak 
areas were compared with standards containing 1.60 x 10x Mitr. 
of [14], 1.90 x 10°” M/itr. of [16], and 1.40 x 1072 M/ltr. of [17]. 
The yields obtained for the different photolyses and the reaction 


conditions are listed in Table XXVIII. 


TABLE XXVIII 


Product Yields for [14]-[17] 





Sample Irradiation % Yield (theoretical) 
No. Filter Time (hrs.) [14] [15] [16] [17] 
I-a Vycor hi ss / t Regs fal oe Ae 20 
I-b Vycor iL 10.5 O ae ets ~ 
LL Pyrex 3 1.Oee <0 0 OL 1S 34 
III U-glass 8 0.97. <D51 2 O.bL 40 
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APPENDIX D 
Quantitative Determination of [18] and [19] 


For the quantitative determination of ethylpyridine-3- 
carboxylate [18] and ethyl d-pyrrylacetate [19], a series of samples 
containing 0.4 and 10.2 gm of DMDA and EDA, respectively, dissolved 
in 20 ml of freshly distilled pyrrole were photolyzed in a small 
quartz tube (16 mm diameter). Each sample was carefully degassed 
to exclude oxygen and the photolysis temperature was kept at 18°-20°C 
(cf. Experimental, section 223) 8 

After the photolysis, aliquots of the 20.0 ml reaction 
mixture were compared by g.c. with a standard containing 0.160 M/litr. of 
[18] and 0.047 M/ltr. of [19] in pyrrole. The column used was a 3 ft. 
x 1/4 inch tubing packed with 20% carbowax 20M on chromosorb W (30- 
60 mesh) and operated at a column temperature of 170°C and a helium 
flow rate of 60 cc/min. All samples including the standards were 
run in duplicate and on the same day allowing 2 to 3 hour intervals 
for reconditioning on column at elevated temperature. The peak areas, 
measured by a planimeter, were found to be directly proportional to 
concentration as per experiments with diluted standards, and also 
reproducible within +2% of the total area. The per cent theoretical 
yields, based on the amount of the starting material for [18] and [19] 
recovered metallic mercury and photolysis conditions, are summarized 


in Table XXIX. 
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